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A. I. E. E. National 
and Regional Prizes 


A system of National and Regional Prizes for Institute 
papers was inaugurated by the Board of Directors in 
1926 and has been administered by a special Committee 
on Award of Institute Prizes. After two years’ experi- 
ence, this committee found the system of award to be 
extremely difficult, owing to the fact that comparison 
between papers dealing with entirely different branches 
of the art cannot logically be made. It was also found 
necessary to establish some basis for rating and judging 
the papers in order to make the awards in a satisfactory 
manner. After a careful study of the whole situation, 
this committee submitted a new plan to serve as a 
basis of awards for Institute papers, and the Board of 
Directors, at a meeting held in Detroit on June 23rd, 
adopted the committee’s report as given below. The 
following plan is therefore now in effect as applying to 
prizes for papers presented in 1927. 


The principal changes included in the report consist 
of increasing the number of first prize awards to three, 
each applying to a broad classification of engineering 
work; the adoption of a standard method of grading 
papers; and the omission of the National Prize for the 
best Regional paper, as prizes are available for the best 
papers in each Geographical District. The report 
follows: 


NATIONAL PRIZES 


The following National Prizes may be awarded each 
year at the discretion of the Committee on Award of 
Institute Prizes: 

1. Furst Prizes 

Engineering Practise 
Theory and Research 
Public Relations and Education 

2. Prize for Intial Paper 

3. Prize for Branch Paper 

1. The First Prizes in each of the three classes,— 
namely; “Engineering Practise,’ “Theory and Re- 
search,” and ‘Public Relations and Education’”— 
consisting of $100.00, and a certificate may be awarded 
~ to the author or authors of the best original paper pre- 
sented at any National, Regional, or Section Meeting of 
the Institute. 

2. The Prize for Initial Paper, \consisting of a 
certificate and $100.00 in cash, may be’awarded to the 
author or authors of the most worthy paper presented 


at any National, Regional or Section Meeting of the 
Institute, provided the author or authors have never 
previously presented a paper which has been accepted 
by the Meetings and Papers Committee. 


3. The Prize for Branch Paper, consisting of acertifi- 
cate and $100.00 in cash, may be awarded to the author 
or authors of the best paper presented at a Branch or 
other Student Meeting of the Institute, provided the 
author or authors are Enrolled Students of an Institute 
Branch. 


a. Consideration of Papers. All papers approved by 
the Meetings and Papers Committee and pre- 
sented at any meeting will be considered by the Com- 
mittee on Award for the Best Paper Prizes without being 
formally offered for competition. Papers other than 
those presented to the Meetings and Papers Committee, 
and all ‘‘Initial’’ papers, must be submitted in triplicate, 
with a written communication to the National Secre- 
tary on or before February 15th of the year following 
the calendar year in which they were presented. 
This may be done by the author or authors, by an 
officer of the Institute, or by the Executive Committees 
of Sections or Geographical Districts. 

All papers submitted for prizes, (excepting for the 
Branch Paper Prize), must be written by members of 
the Institute, and when papers are written jointly, at 
least one of the authors must be a member of the 
Institute, and the cash award shall be divided. 

Consideration of papers for prizes for a given year 
shall include only those papers presented during the 
calendar year. 


b. Time of Award. All National Prizes for a given 
calendar year shall be awarded prior to May 1 of the 
succeeding year by the Committee on Award of Insti- 
tute Prizes. This committee shall consist of the past 
and present chairman of the Meetings and Papers 
Committee, (covering the calendar year during which 
the papers were presented), and of such other members 
as the Board of Directors may designate. 


All prizes shall be presented at the Annual Summer 
Convention of the Institute during the year following 
the year in which the papers were presented. 

c. Conditions of Award. For the First Prizes, the 
Meetings and Papers Committee shall indicate to 
the Committee on Award of Institute Prizes the 
class under which each paper for First Prize is to be 
considered. ; 

The considerations which shall govern the grading 
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of papers for purposes of making awards shall be as 
follows: 


Analysis of Subject Grade 
The paper shall present a clear outline of the 
situation out of which arises the need for the 
preparation of a paper on the particular sub- 
ject, explaining the point of view assumed in 
UNOMPLOSOILCA LON, et ne ta eee poe e< ce male ene 
Logical Presentation 
The presentation should include an analysis of 
the difficulties encountered, the methods of 
attack and the solution of the problem....... 
Unity 
While brevity and conciseness are important, 
they should not be attained at the sacrifice of 
unity and completeness of presentation....... 
Value in its Field 
The value of the paper as a contribution to the 
literature in its own field should receive par- 
HiCulaAnconsideratlonen mpm me deci es 
Value to Electrical Engineering 
The paper should be considered from the stand- 
point of the quality of its contribution to the 
advancement of electrical engineering and its 
AMATO Cy bVANNO) I, 5.558 que vo Cede ean cbmane 


10 per cent 
15 per cent 
10 per cent 


35 per cent 


30 per cent 


At the discretion of the Committee on Award of 
Institute Prizes, a single paper may be awarded more 
than one of the prizes available and honorable mention 
may be made of papers which do not receive prize 
‘awards. 

Papers awarded prizes shall be published in full or in 
‘abstract in the JOURNAL, in the TRANSACTIONS, or in 
pamphlet form. . 


REGIONAL PRIZES 


The following Regional Prizes may be awarded each 
year, in each Geographical District of the Institute: 

1. Forsi' Prize 

2. Prize for Intial Paper 

3. Prize for Branch Paper 

1. The Regional First Prize, consisting of a certifi- 
cate of award issued by the officers of the Geographical 
District and $25.00 in cash, may be awarded to the 
author or authors of the best paper presented at any 
Regional, Section or Branch Institute meeting in the 
Geographical District during the calendar year. 

2. The Regional Prize for Initial Paper, consisting of 
a certificate of award issued by the officers of the 
Geographical District and $25.00 in cash, may be 
awarded to the author or authors of the best paper 
presented at an Institute meeting in the District pro- 
vided the author or authors have never before pre- 
sented a paper before the Institute at any National, 
Regional, or Section meeting. 


3. The Regional Prize for Branch Paper, consisting 
of a certificate of award issued by the officers of the 
Geographical District and $25.00 in cash, may ke 
awarded to the author or authors of the best paper 
presented at any Branch or other Student Meeting 
of the Institute, provided the author or authors are 
Enrolled Students of an Institute Branch. 


COMMENTS Journal A. I. E. E. 

a. Consideration of Papers. All papers to be con- 
sidered in competition for Regional Prizes must be 
submitted in duplicate by the authors or by the officers 
of the Branch, Section or District concerned, to the 
District Committee on Awards, on or before January 
10th of the year following the calendar year in which 
the papers have been presented. 

All papers submitted for prizes, (excepting for the 
Branch Paper Regional Prize), must be written by 
members of the Institute; and when papers are written 
jointly, at least one of the authors must be a member of 
the Institute and the cash value of the prize shall be 
divided. 

b. Trine of Award. All Regional Prizes for a given 
calendar year shall be awarded prior to May 1 of the 
succeeding year by the District Executive Committee 
or by a committee appointed by the District Execu- 
tive Committee and authorized to make such awards. 

c. Conditions of Award. The considerations which 
shall govern the grading of papers for the purposes of 
making awards shall be the same as those governing 
the awarding of National Prizes. ; 


Engineering Developments 
Surveyed at Summer Convention 


Engineers in the electrical industry have glanced 
over all aspects of their art and have recorded great 
progress, outlining definite things to accomplish in the 
near future. This status of engineering was indica- 
ted at the noteworthy convention of the Institute 
held in Detroit. It is a notable occasion when more 
than 1200 electrical engineers gather under the aus- 
pices of their professional society. Their work is fund- 
amental to industrial progress, and the industry may 
well be proud of the Institute and its accomplishments. 
It could commendably do more to encourage Institute 
activities, for the contributions of professional engi- 
neers deserve unstinted support. 

At the Detroit convention a series of technical com- 
mittee reports of great value and importance was pre- 
sented. Every phase of the art was carefully sur- 
veyed and many new developments recorded. Sound 
engineering opinions and suggestions deserving of se- 
rious consideration by all branches of the industry were 
presented in these reports. Attention was called to 
the rapid trend of research away from the colleges 
to industry, not considered good for the colleges, the 
art or for industry. Definite suggestions were made for 
needed dielectric researches as well as similar proposals 
regarding cognate matters. On the whole, these com- 
mittee reports indicated very satisfactory conditions 
in engineering and research. 

Unity, enthusiasm and family spirit have been man- 
ifested at Institute conventions, bespeaking a healthy 
condition in this large engineering group. The Detroit 
meeting was outstanding, and all who attended voted it 
a great success.—Electrical World. 


The Use of High-Frequency Currents for Control 


BY C. A. BODDIE: 


Associate, A. I. E. E. 


eae rapid development of radio has given rise to a 
parallel development in the art of remote control. 

Remote and supervisory control is being applied 
to an ever increasing variety of problems. This control 
is now commonly effected by the use of special wires 
connecting the apparatus under control with the point 
from which control is exercised. 


Wires suitable for control purposes are often difficult 
to obtain. If they are supported for any considerable 
distance on the same towers as the power line, induction 
from the power line may seriously reduce their value 
unless special measures are adopted. If the wires are 
carried on separate poles on a separate right of way, 
the cost becomes a formidable item. The other alter- 
native is to lease the necessary circuits from the tele- 
phone company. In this case, the rentals are always 
so high as to be a serious burden on the whole project. 

The expense of obtaining and difficulty in operation 
of special wire circuits have directed attention to the 
possibilities in the use of alternating currents of moder- 
ate or high frequency for control purposes. The object 
has been to utilize the existing power conductors as a 
control circuit. This has been accomplished by super- 
imposing on the live power circuit a frequency suf- 
ficiently different from the power frequency to permit 
its being easily separated from the power frequency by 
suitable tuned circuits. Although this current flows 
in the power system together with the power current, 
it is independent of it. It may therefore be used for 
control purposes. 


The application of alternating current to control 
problems opens up many new fields. The develop- 
ment of apparatus is already quite well advanced. 
Some of the equipment has been in commercial service 
for over two and one-half years and has given good 
account of itself. The applications already developed 
provide for the control of large main line oil circuit 
breakers, substation apparatus and street lights. It is 
expected that this type of control will be used quite 
generally for all classes of control now requiring special 
circuits, where these circuits introduce a serious burden 
on the project as a whole. 


The development has been carried out along two 
rather distinct lines. The apparatus may be classed 
according to the frequencies employed as 

1. Medium-frequency systems, 

2. High-frequency systems. 

The medium-frequency system employs frequencies 
of the order of 500 cycles. This control frequency is so 
low that it passes through transformers just like power 


1. Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
Presented at the Summer Convention of the A. I. EH. E., 
Detroit, Mich., June 20-24, 1927. 


frequencies. The control frequency is generated by a 
motor-generator set and is fed into the circuit usually 
by means of condensers. The special advantage of this 
system is that the line losses are low on account of the 
moderate frequency used. It is possible to transmit 
sufficient energy to the receiving devices to directly 
actuate a relay magnet. This relay is tuned to the 
control frequency and therefore responds only to this 
frequency. The relay is simple and sturdy and requires 
no vacuum tube amplifier. The system is very flexible 
and is well adapted to quite a variety of applications. 

The high-frequency system employs frequencies of 
the order of 50,000 cycles. Frequencies of this order 
are most readily produced by vacuum tubes. The 
energy employed in the high-frequency system is much 
less than that required in the medium-frequency 
system. Vacuum tube amplifiers are necessary to 
amplify the control frequency at the receiving point in 
order to get sufficient energy to operate a relay satis- 
factorily. On account of its requiring vacuum tubes, 
the receiving equipment is much more bulky and more 
complex than the corresponding equipment of the 
medium-frequency system. Currents of this frequency 
do not pass readily through transformers. Its applica- 
tion is therefore limited mainly to operation over high 
voltage power lines, but it is well adapted to this class of 
service. 


HIGH-FREQUENCY SYSTEM INSTALLED AT 
TIPTON, INDIANA 

Sporadic attempts at control utilizing radio or high- 
frequency currents over wires date back over a period of 
10 or 15 years. These attempts assumed more of a 
spectacular than of a practical trend. Perhaps the first 
definite attempt to control the apparatus of a power 
system by high-frequency currents was made just 
previous to the opening of the Dresser Power Station 
of the Central’ Indiana Power Co. There was then 
in operation a high-frequency system controlling two 
66-kyv. circuit breakers at Tipton, Indiana. The control 
point was Kokomo, Indiana, some 20 miles distant. 
The 66-kv. line loops through the substation at Tipton. 
An oil circuit breaker is installed in each branch of the 
line as it connects to the high-tension bus at Tipton. 
This is indicated in Fig. 1. 

The local power plant which previously supplied the, 
town of Tipton was shut down shortly after the trans- 
mission line was built between Indianapolis and 
Kokomo and power was supplied from the line. The 
substation at Tipton is about a mile out of town. 
An operator is not maintained at this point. The 
object of installing the circuit breakers and the control 
system was to insure continuous service to the town 
from either of two power sources, namely, Indianapolis 
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and Kokomo. In case of line trouble on either side of 
Tipton, the section in trouble could be cut clear by 
operating the proper breaker at Tipton and the town 
supplied with power from the remaining section of line. 
The absence of an operator at Tipton necessitated the 
installation of the control system. 

At the time it became apparent that supervisory con- 
trol of the Tipton breakers would be desirable, an 


66 Kv. Line Circuit Breakers Controlled 


Lenore Sub. 
Indianapolis 


Tipton 
Fig. 1—Scurmatic Diacram or Circuit BREAKER INSTALLA- 


TION AT TipTON INDIANA 


efficient high-frequency telephone system was already 
in regular operation over the Indianapolis-Kokomo 
lines. It was decided to use the transmitter then 
installed at Kokomo and to install one of the standard 
receivers and calling selectors at Tipton for the opera- 
tion of the Tipton circuit breakers. A special fre- 
quency was selected so that there could be no inter- 
ference between the telephone system and the control 
system. This special frequency could be readily 
produced since the Kokomo transmitter was already 


Fia. 


This transmitter is rated at 250 watts and is used for both control and 
telephone communication 


2—Type or TrRansmirreR InNstTaLtLED aT KoxKkomo 


provided with a wave-change switch as a regular part 
of the equipment, whereby its frequency could be 
changed from the normal frequency used in telephone 
service to any other desired frequency. The operation 
of changing frequencies was accomplished by the 
operation of the automatic calling dial. 
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HETERODYNE RECEPTION 


The receiver was of the usual coupled circuit type as 
shown in Fig. 8. The receiver circuits employed were 
exactly the same as used regularly in the telephone 
calling system. This utilizes the well-known hetero- 
dyne method invented by Fessenden for radio telegraph 
reception. Because of its superior efficiency and a 
remarkable ability to ride through serious radio static, 
it soon displaced all other methods for radio telegraph 
reception. It was for these same reasons that it was 
selected as the basis of the calling system for 
power line telephone communication. The heterodyne 
method was of course retained for the application to 
supervisory control. 

In the heterodyne system, the incoming high-fre- 
quency signal is combined with a frequency generated 
locally. In this application, it is customary to adjust 
the locally generated frequency to within about 1000 
cycles of the incoming signal frequency. This differ- 
ence of frequency gives rise to a third frequency equal 
to the difference between the two main frequencies. 
This third frequency: is commonly called the beat fre- 
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Fic. 3—ScHEeMATIC OF RECEIVER USED FOR Higu FREQUENCY 


CoNnTROL 


The sector is kept in a state of continuous oscillation and heterodynes 
the incoming signal ; 


quency. The second or locally generated frequency is 
in this case produced by maintaining the receiving 
detector in a state of continuous oscillation. The beat 
frequency of 1000 cycles is amplified by a two-step 
amplifier, the second step of which is adjustable and the 
output used to operate a polarized relay. This is 
accomplished by connecting two vacuum tubes in 
parallel as shown in Fig. 4 and supplying their plate 
circuit through a polarized relay having a suitable 
winding. The tubes are provided with a grid leak and 
condenser just as in the case of an ordinary radio de- 
tector. When the amplified 1000-cycle beat frequency 
is applied to the grids of the relay tubes, a negative 
charge is built upon the grid condenser in the usual 
way which gives the grids a large negative bias. This 
greatly reduces the plate current drawn through the 
winding of the polarized relay and allows the tension 
of a spring to close the relay contacts. 

When the control frequency is put on the power line 
by the Kokomo transmitter, a beat is produced between 
the oscillating detector and the incoming frequency 
which, as described above, causes the relay contacts to 
close. When the flow of current from the Kokomo 
transmitter is interrupted, the relay contacts auto- 
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matically open. The calling dial of the sending trans- 
mitter is arranged to interrupt the flow of high-fre- 
quency current so as to produce a series of impulses. 
At each interruption, the contacts of the control relay 
close and thus give a corresponding series of impulses 
to the selector which it controls. 


SELECTOR 


The type of selector used is that commonly employed 
in automatic telephone systems and now so widely 
used for supervisory control. It consists essentially of 


Grid Leak and Condenser, x 


To Detector 


Fig. 


Relay Tubes 


Polarized Relay 
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IZED RELAY 


Two vacuum tubes are used in parallel to ensure ample mechanical 
pull at contacts 


an electromagnet commonly called a motor magnet 
which drives a contact arm over a bank of contacts by 
means of a ratchet and pawl, as shown in Fig. 5. At 
each impulse of the radio or control relay, the motor 
magnet advances its contact arm one step. By a 
combination of fast and slow relays associated with the 
motor magnet, the circuit through the contact arm is 
held open until the proper code sequence is received. 
After the final pause in the series of code impulses, a 
slow relay drops out and completes the circuit to per- 
form the desired operation if the correct code sequency 
has been received. The relay combination is such that 
during the advance of the selector contact arm a pause 
must be made at two predetermined points and there 
must be no interruption, in each group of impulses 
between the pauses. The total number of impulses 
must also add up to a predetermined total. Unless 
all of these conditions are fulfilled, the operating circuit 
cannot be closed.: This interlocking combination is 
more elaborate than that commonly used in the calling 
system of standard power line telephone equipment. 

The installation at Tipton is perhaps the oldest 
practical installation of supervisory control using high- 
frequency currents transmitted over a power line. 
In its initial stage it involved merely the application 
of a standard power line telephone system to the 
service of controlling oil service breakers. It was but 
a short step from this to the full system with answer- 
back applying all the well-known functions of modern 
supervisory control. 


ANSWER-BACK WITH INDICATING LAMPS 

In order to provide for an answer-back signal, a small 
transmitting set was installed at Tipton and an ad- 
ditional receiver. was added to the equipment at 
Kokomo. Controllers similar to those used for con- 
trolling oil circuit breakers replaced the automatic 
calling dial of the desk telephone set. These were 
mounted on a small panel and provided with the usual 
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red and green indicating lamps. Automatic impulse 
senders were provided at Kokomo for sending the 
proper code impulses. The code sent out by the im- 
pulse sender was determined by the oil switch controller. 
Thus, to operate one of the Tipton breakers, the 
Kokomo operator was required to perform only the 
usual function of operating the controller of a standard 
oil circuit breaker. This started the automatic impulse 
sender which sent out a code of impulses corresponding 
to the particular controller operation performed. 

When the code impulses were received at Tipton, the 
proper control circuits were completed and the desired 


breaker operation effected. At the completion of any . ~ 


circuit breaker operation a small transmitter was 
automatically started by means of a similar automatic 
impulse sender and a code was sent back to Kokomo 
corresponding to the breaker operation which had 
occurred. These impulses being received at Kokomo 
on selectors caused the proper indicating lamps to show 
on the Kokomo control board. The equipment was 
also arranged so that in case of doubt the operator could 
always check the position of the breakers. 


IMPROVEMENTS IN MECHANICAL DESIGN 


The mechanical arrangement and form of mounting 
used in the Tipton installation has been changed in later 
designs. The receiving equipment, instead of being 
built as a number of independent units and mounted on 
a table, has been changed to the arrangement shown in 
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ldager 
Bank or Contacts 
Fig. 6A-6B. The equipment is all mounted on panels 


which are accessible front and rear. The unit con- 
struction is still retained. The top panel carries the 
entire high-frequency equipment. A second panel 
carries all vacuum tubes and associated apparatus. 
The third panel carries the rectifier supplying the plate 
current to the vacuum tube system and the lower panel 
carries all relay and selective equipment together with 
the terminal board. 

For work over short stretches of power line or over 
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sections of badly exposed telephone line, a small unit 
has been developed. This is a complete transmitter 
and receiver and also carries with it sufficient selective 
equipment for some simple applications.. The unit is 


Fig. 


6A—FRont AND Rear View or Pane, Tyrer RECEIVER 
SHOWING SELECTOR AND TERMINAL Boarp 


adapted to either telephone service of supervisory 
control. The transmitter tubes are shown at the top. 
A master oscillator and four 714-watt tubes are mounted 
so that they may be tied all four in parallel as oscillators 
for control work, or two may be used as oscillators and 
two for modulators for telephone service. The lower 
three tubes constitute the receiver. The unit is 
supplied with 500 volts of direct current from a dyna- 
motor running on current furnished by a 24-volt 
storage battery. 

The high-frequency system is well adapted for control 
using high voltage power conductors as a circuit. The 
system has also been applied to the control of series 
street lights fed from pole type regulating trans- 
formers. It is not well adapted to this class of service 
because of the bulk of the receiving equipment which 
must be hung on a pole and more or less exposed to the 
weather. It is not suitable to the control of multiple 
street lights This is again owing to the bulk and cost 
of the receiving equipment and to the fact that fre- 
quencies of the order of 50,000 cycles do not readily pass 
through transformers. The system is thus limited to 
service on high-tension lines. - 


MEDIUM-FREQUENCY SYSTEM 
As early as 1901, Mr. Rhodes of the New York Edison 
Co. proposed to turn multiple street lights on and off 
by superimposing a 500-cycle control current on the 
power circuits. The early work did not show much 
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promise and the project was dropped for some years. 
About four years ago the project was reopened and 
promising results obtained from preliminary work on 
the overhead system at Yonkers, New York. Subse- 
quent development was carried out on the underground 
system of the Fordham substation of the New York 
Edison Co 

While the system was developed primarily for the 
control of multiple street lights, it has been found 
applicable to a wide variety of control problems. It is 
being applied to the control of street lights both series 
and multiple and to supervisory control of all kinds. 
Its simplicity is one of its principal points of merit. 
In addition, its receiving unit is very small in bulk and 
quite inexpensive. These features were essential to 
its success in the field of street light control 

The moderate-frequency system may possibly be best 
understood by discussing its application to street light 
control. Fig. 7 is a schematic diagram of a substation 
showing the method of energizing a single feeder. 
Feeders may be energized one at a time as in the 
schematic diagram, or in groups, or the entire bus may 
be energized according to the method of operation 
preferred. The control frequency is produced by the 
generator G. This isa rotating machine of a standard 
type, driven by a two-speed induction motor whose 
synchronous speeds are 1200 and 1800 rev. per min. 


6B—FRont AND Rear View or Pane, Tyrpr REcDIVER 
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This gives control frequencies of 440 and 660 cycles at 
synchronism. The motor is especially designed for low 
slip which is approximately 11% per cent. Condensers 
of the oil-filled type similar to those regularly used for 
power factor correct'‘on are employed to couple the 
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generator to the line. Inductance coils are provided to 
tune the circuit asa whole. The power circuit presents 
a low impedance when viewed from the generator 
terminals. Hence a coupling transformer of suitable 
ratio is interposed between the generator and the tuned 
circuit to enable the generator to deliver its full output 
into the power system. 


METHOD OF ENERGIZING FEEDER 


When energizing a single feeder, it is preferable to 
connect on to the feeder just beyond the feeder regulator 
and reactor, as indicated in Fig. 7. This will be apparent 


Feeder Reguiator 
or 1 


Station 
Transformer 4 


a 


Tuning Condenser 
Distribution 


Tuning Coils Transformer 


=== Transformer 


Tuned Relay 1 Le 
cpenin To Lamp Switch 
Fig. 7—Scummatic Diagram SHowina Murruop or EN®R- 
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when it is observed that current delivered by the 
generator through the tuned circuit to the feeder has two 
paths in which to flow. It may flow out along the 
feeder through the numerous distributing transformers 
and it may also flow back into the station bus and 
through the large station transformers. If the generator 
is connected beyond the reactor and feeder regulator, 


To Contactor Switch 
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Fie. 8—Scuematic DracRaAm or Resonant Reay 
the impedance of these two elements is interposed in the 
path of the current flowing back through the station bus 
and less generator current is required to energize the 
feeder. 

The control currents flow along the conductor just 
as though the power currents were not present. Suf- 
ficient current is fed into the system to establish a 
control frequency potential of approximately 100 volts 
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at the outgoing terminals of the feeder. This control 
frequency potential acts throughout the whole length 
of the feeder in the same manner as the power fre- 
quency but it is quite independent of it. The various 
distribution transformers supplied by the feeder, step 
this control voltage down in the same ratio as they do 
the power voltages. Thus, with 100 volts of control 
frequency on the high side of a 2200-volt distribution 
transformer, five volts are delivered on the 110-volt 
side. It is this voltage which is available for the 
operation of the control relays. 

At any point on the system where control is desired, 
a control relay is located as indicated in Fig. 7 and 
connected to the 110-volt side of a distribution trans- 
former. It consists of a simple U-shaped magnet 
acting on a balanced armature as shown more clearly 
in schematic diagram, Fig. 8. A contact is mounted on 
the armature shaft and arranged to close when the 
relay is energized. A condenser is placed in series with 
thefrelay winding. The inductance of the winding is 
designed so that the inductive reactance of the relay is 
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exactly equal to the capacity reactance of the condenser 
at the frequency the relay is intended to operate on. 
The total reactance of the relay circuit including its 
condenser is therefore zero, and the control current 
passing through the relay is governed by Ohm’s law, 
thus: 


pe: 
where E is the value of the control voltage impressed 
across the relay circuit, R is the effective resistance of 
the relay circuit, and J is the current flowing through the 
relay winding. When a circuit is adjusted so that its 
reactance is zero, it is said to be in tune or in resonance 
for this particular frequency. 


APPLICATION TO STREET LIGHT CONTROL 


In its application to street light control, it is clear 
that the lower the effective resistance of the relay cir- 
cult, the more energy will be available for its operation. 
This is owing to the low impedance of the supply 
circuits; the principal difficulty encountered in the 
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development of the relay was in keeping its losses 
sufficiently low. By careful selection of materials and 
proper proportioning of the magnetic circuit, these 
losses were cut well under the values necessary for 
commercial operation. It was the successful develop- 
ment of these low loss relays which made it possible to 
draw sufficient energy from the power system to 
operate a pair of contacts by the direct magnetic pull of 
the control current itself. 

It will be apparent from the foregoing that when the 
feeder is excited by the control generator, all relays 
tuned to the control frequency will close their contacts. 
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By interrupting the flow of current from the control 
generator, the contacts of the resonant relays can be 
made to follow. Thus code impulses from the control 
frequency generator are reproduced by the contacts of 
the resonant relays. The system may therefore be 
used for control purposes of any kind. 

In applying the system to street light control, two 
control frequencies are employed, one for turning the 
lights on and one for turning them off. Selection by 
using different frequencies is preferred in this case 
because of its simplicity. This requires two relays at 
each control point, one resonant to each control fre- 
quency. The contacts of the resonant relays are not 
required to carry the lamp current, but merely to throw 
a toggle switch which is provided with heavier contacts 
to carry the lamp current. Fig. 9 shows a schematic 
diagram of the two resonant relays and toggle switch 
as used in street light control. These elements are 
assembled in a weather proof case. The whole control 
unit is small enough to permit its being installed on the 
base of most ornamental street light posts. 

In its application to the control of series street lights, 
the control unit governs the position of an oil switch in 
the primary side of a pole type regulating transformer 
as in Fig. 10. In this case, the feeder potential is 
usually 2300 volts and a potential transformer is 
necessary to supply 110 volts to the control unit. 
This transformer furnishes power frequency energy to 
opezate the oil switch and control frequency energy to 
ope ate the resonant relays. 


APPLICATION TO SUPERVISORY CONTROL | 


Supervisory control by means of moderate-frequency 
currents and resonant relays has recently been applied 
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to a rather new problem. This is to provide for the 
control of numerous sectionalizing switches and some 
oil circuit breakers on a long 110-kv. line. The circuit 
over which the control system operates is rather novel. 
This circuit is obtained by insulating the ground wires 
ordinarily provided on a long high-tension line. The 
protective feature of the ground wires is not sacrificed 
appreciably owing to the installation of spark gaps at 
frequent intervals which provide a discharge path to 
ground. The sectionalizing switches to be controlled 
are installed at 15-mile intervals. At each point where 
a sectionalizing switch is located, a drainage transformer 
is provided with its middle point grounded in addition 
to the spark-gaps. . 

The control frequency is produced by a %-kw. 
generator. This is connected to the line by a step-up 
insulating and drainage transformer. The generator 
voltage is 100 volts and the transformer is provided 
with taps to permit the use of line voltages of 300 to 
500 volts. 

The current supplied by the control generator is con- 
trolled by a standard system of supervisory control. 
The output of the generator is thus broken up into 
impulses and these impulses are received by resonant 
relays at the points where switches are to be controlled. 
The line voltage of 500 volts is stepped down to 10 volts 
by the insulating drainage transformer at each section- 
alizing switch. This voltage is used to operate the 
resonant relays. The contacts of the resonant relays 
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are connected in a circuit to repeat the impulses re- 
received from the control generator into the selector 
system. 


The selector system employs a combination of fast 
and slow relays together with associated'motor magnets 
and contact banks as ordinarily used in automatic 
telephony and now adopted as standard practise for 
supervisory control. The complete supervisory system 
and resonant control relays are mounted on a switch- 
board section one panel wide. The type of line con- 
struction and the location of the spark-gaps and drain- 
age transformers is shown in Fig. 11. 
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This application of medium-frequency alternating 
currents to the control of sectionalizing switches is 
likely to find wide application on long transmission 
lines where conditions will not justify a double-circuit 
line. By this means it is expected to reduce very 
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greatly the interruptions to service arising from the 
use of a single-circuit line. The system may also have 
important applications on double-circuit lines and 
assist materially in the solution of control problems 
of all kinds. 


Present Status of the International Electrical 
Units 


BY E. C. CRITTENDEN} 


Member, A. I. E. E. 


Synopsis.—This paper summarizes the present legal standing 
and practical usage of the international electrical wnits, particularly 
us maintained in the United States. The international agreement 
reached in 1910 was provisional and requires some revision. Fur- 
ther investigations of the international standards, as well as of the 
absolute units, are urgently needed to put the system on a satisfactory 
basis for work of high precision. 

Legal authority to deal with electrical units has now been given 
the International Committee on Weights and Measures. This 
provides a permanent working organization through which inter- 
national agreements can be reached and can be made effective 
throughout the world. 

When the committee takes wp the question of electrical wnits for 


formal international adoption, it will have to decide whether to main= 
tain as nearly as is practicable the values accepted at present or to 
revise them so as to accord with the fundamental c.g. s. system. 
With regard to primary standards, it will have to choose between the 
mercury ohm and silver voltameter, on the one hand, as against 
direct determination of the units by methods based on mechanical 
dimensions. 

The Bureau of Standards has under way several investigations: 
planned to give a better technical basis for final decisions on these 
questions. It is desirable also that they be discussed by those 
interested in making precise and accurate electrical measurements in 
order that all the advantages and disadvantages of the changes pro- 
posed may be given adequate consideration. 


INTRODUCTION 


\\ / HILE many systems of electrical units have 
been proposed, the leaders in electrical science 
and engineering since the time of Weber have 
almost invariably adhered to the principle that fun- 
damental electrical measurements should be based 
on the mechanical effects of electricity, and thus be 
made concordant with measurements in other fields 
of science and engineering. The metric system has 
also been generally accepted as the basis for the elec- 
trical units. 


Even though this general principle is accepted, there 
are many sets of alternatives between which a choice 
must be made. For example, one may start with the 
mechanical forces between electric charges at rest, or 
on the other hand, first consideration may be given to 
the magnetic effects which are of so much greater 
importance in connection with electric currents. In 
other words, the basis of the system of units may be 
either electrostatic or electromagnetic effects. 


In fact, systems of both kinds are used, and each has 
special advantages for particular cases. The greater 
importance of electromagnetic relations in the practical 
use of electricity, and the facility with which precise 
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measurements of electric current can be made by the 
use of magnetic effects, have combined to give the 
electromagnetic system a predominating position. It 
is nevertheless worth noting that developments of recent 
years, especially in high voltage work and in electronics, 
have made electrostatic effects more prominent than 
they formerly were. It has been established beyond 
reasonable doubt that all material is composed of con- 
stellations of electric charges. The numerical values 
of these elementary charges have been determined with 
precision. In numerous devices they already serve us, 
and the future importance of their direct uses no one 
can foretell. In this great and growing field of science 
and practise, essential values are naturally determined 
in absolute electrostatic units. 4 

It would be beside the point to discuss here the 
various combinations of units which have been proposed 
for the purpose of simplifying the numerical relations 
between quantities and thus making computations 
easier. These proposed systems are treated at some 
length in Bureau of Standards Circular No. 60, “‘Elec- 
tric Units and Standards,’’! and Scientific Paper No. 
292, “International System of Electric and Magnetic 
Units.’ In brief, the view set forth in those publica- 
tions is that in the “‘practical”’ electromagnetic system, 
as modified by the adoption of the present international 
units, there has been developed a set of units more 
generally satisfactory than any of the systems proposed 
on a theoretical basis. Consequently, it is concluded 
that there is no good reason to incur the confusion which 
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would result from an attempt to change the units now 
ordinarily used. 

During the last 10 years there has been no agitation 
for radical changes in the present system, and certainly 
no such proposals would now be received with favor. 
No one would seriously propose to do away with the 
ohm, the ampere, or any of the important units dertved 
from them. It is, however, an open question whether 
the values of these units as now accepted should not be 
adjusted to make them accord more closely with the 
general system of measurements. Furthermore, we 
may well inquire whether the methods of determining 
these values have not reached such a stage of perfection 
that the old expedients for maintaining constancy of 
the units can be safely discarded. If any such changes 
of units or of fundamental standards are to be made, 
they must, of course, be thoroughly considered in ad- 
vance in order that the advantages and disadvantages 
resulting from the change may be fully weighed. The 
purpose of this paper is therefore to set forth the present 
status of the units and to ask for discussion of the 
changes which might logically be made if found 
expedient. 


‘LEGAL BASIS OF THE UNITS IN THE UNITED STATES 


‘The legal basis for the electrical units used in the 
United States is still the Act of July 12, 1894. This 
accepted the international ohm, ampere, volt, coulomb, 
farad, joule, watt, and henry, as adopted at the Inter- 
national Electrical Congress held at Chicago in 1893, 
and incorporated definitions paraphrasing without 
essential changes the resolutions adopted by that Con- 
gress. The definitions given in the Act for the ohm, 
ampere, and volt were as follows: 

1. The unit of resistance shall be what is known 
as the international ohm, which is substantially 
equal to one thousand million units of resistance of 
the c.g. s. system of electromagnetic units, and 
is represented by the resistance offered to an 
unvarying electric current by a column of mercury 
at the temperature of melting ice, 14.4521 g. 
in mass, of a constant cross-sectional area, and 
of the length of 106.3 em. 

2. The unit of current shall be what is known 
as the international ampere, which is one-tenth of 
the unit of current of the c. g. s. system of electro- 
magnetic units, and is the practical equivalent 
of the unvarying current, which, when passed 
through a solution of nitrate of silver in water in 
accordance with standard specifications, deposits 
silver at the rate of 0.001118 of a gram per second. 

8. The unit of electromotive force shall be what 
is known as the international volt,.which is the 
electromotive force that, steadily applied to a con- 
ductor whose resistance is one international ohm, 
will produce a current of an international ampere, 
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and is practically equivalent to 1434 of the electro- 
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motive force between the poles or electrodes of the 
voltaic cell known as Clark’s cell, at a temperature 
of 15 deg. cent., and prepared in the manner 
described in the standard specifications. 

It will be seen that these definitions do not draw a 
sharp distinction between the basic c. g.s. units and 
those defined in terms of concrete standards. If taken 
literally, the law is inconsistent with regard to the 
relations between the two sets of units. The exact 
value of the ohm is to be that obtained from the mercury 
column, the absolute unit being mentioned merely 
as a substantial equivalent, while in the case of the 
ampere this condition is reversed. 

Section 2 of the same act provided, 

That it shall be the duty of the National 
Academy of Sciences to prescribe and publish, as 
soon as possible after the passage of this Act, 
such specifications of detail as shall be necessary 
for the practical application of the definitions of 
the ampere and volt hereinbefore given, and such 
specifications shall be the standard specifications 
herein mentioned. 

This section has become a dead letter, since it was 
necessary to depart from the National Academy 
specifications in order to obtain consistent results and 
to obtain international agreement. Except in this 
detail, however, it has been possible to follow the terms 
of the law literally and still to put into effect the inter- 
national agreements which have been reached. The 
differences between the absolute and the accepted 
international unit of current have been negligible, and 
the terms in which the Clark cell were referred to were 
not such as to require its use, so that there has been no 
legal obstacle to the adoption of the Weston normal 
cell as a substitute for the Clark. 


THE PRESENT UNITS 


The values of the units now accepted for practical 
use throughout the world were established, in principle, 
by the International Conference on Electrical Units 
and Standards, held in London in 1908. This con- 
ference made a clear distinction, so far as definitions are 
concerned, between the absolute units and those which 
were called international. The Conference used the 
term “fundamental” for the units here called absolute, 
that is, those derived from the basic units of length, 
mass, and time. With reference to these units, the 
following resolution was adopted: 

The Conference agrees that as heretofore the 
magnitudes of the fundamental electrical units 
shall be determined on the electromagnetic system 
of measurement with reference to the centimetre 
as the unit of length, the gramme as the unit of mass 
and the second as the unit of time. 

These fundamental units are: 

1. The Ohm, the unit of electric resistance which 
has the value of 1,000,000,000 (10°) in terms of the 
centimetre and second, 
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2. The Ampere, the unit of electric current, 
which has the value of one-tenth (0.1) in terms of 
the centimetre, gramme, and second, 

3. The Volt, the unit of electromotive force which 
has the value of 100,000,000 (108) in terms of the 
centimetre, gramme, and second, 

4, The Watt, the unit of power which has the 
value of 10,000,000 in terms of the centimetre, the 
gramme, and the second. 

As a system of units representing the above and 
sufficiently near to them to be adopted for the purpose 
of electrical measurements and as a basis for legislation, 
the conference recommended the adoption of the 
international ohm, ampere, volt, and watt, defined as 
follows: | 

The International Ohm is the resistance offered 
to an unvarying electric current by a column of 
mercury at the temperature of melting ice, 14.4521 
grammes in mass, of a constant cross-sectional 
area and of a length of 106.300 centimetres. (The 
procedure to be followed in setting up mercury 
ohms was prescribed in detail in specifications 
attached to the resolutions.) 

The International Ampere is the unvarying 
electric current which, when passed through a 
solution of nitrate of silver in water, in accordance 
with the Specification II attached to these Resolu- 
tions, deposits silver at the rate of 0.00111800 of 
a gramme per second. 

The International Volt is the electrical pressure 
which, when steadily applied to a conductor the 
resistance of which is one international ohm, will 
produce a current of one international ampere. 

The International Watt is the energy expended 
per second by an unvarying electric current of one 
international ampere under an electric pressure of 
one international volt. 

It is perhaps worth noting that the units of mass and 
length included in these definitions occur in the descrip- 
tion of the apparatus by which the units are to be estab- 
lished, and are not involved in the real definitions of the 
units themselves. That is, these dimensions could be 
stated in any other mechanical units desired without 
affecting the value of the electrical units; the latter are 
essentially defined in terms of the properties of mercury 
and of silver without any reference to systems of 
measurement. They therefore become independent, 
fundamental units which, joined with the centimeter 
and the second, constitute the basis of a complete 
system from which even mechanical units including the 
gram might be derived. 

While these definitions were thus made in form quite 
independent of the absolute electrical units defined in 
terms of the centimeter, gram, and second, the intention 
of the conference was to make the units adopted repre- 
sent very closely the value of the absolute units. In 
fact, one reason advanced for choosing the ampere, 
instead of the volt, as a fundamental unit was the 
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possibility of direct determination of the absolute 
value of the ampere by several methods independently 
of any assumed value for the ohm or other electrical 
units. 

The definition adopted for the ampere carried the 
value to six significant figures although it was recognized 
that the specifications for the voltameter were in- 
complete and therefore indefinite. An International 
Committee on Electrical Units and Standards was 
created to complete the work of the conference and to 
carry it on until another conference should be convened. 
Among other duties, this committee was to secure 
agreement on precise specifications for the voltameter 
and to establish a standard value for the electromotive 
force of the average Weston normal cell consistent with 
the international ohm and the ampere as defined by 
these specifications. The accomplishment of an im- 
portant part of this task was made possible by the 
generous support of four American societies, the 
American Institute of Electrical Engineers, Association 
of Edison [luminating Companies, Illuminating Engi- 
neering Society and National Electric Light Association. 
These societies contributed funds to bring representa- 
tives of Great Britain, France, and Germany to America 
for joint experiments with the Bureau of Standards 
upon the silver voltameter and the standard cell. 
The Technical Committee thus created worked at 
Washington for nearly two months in 1910. It did not 
agree on formal specifications for the voltameter, but 
it did bring the experimental results with different 
types of voltameters nearly enough into accord so that 
the value of 1.0188 at 20 deg. cent. for the Weston 
normal (saturated) cell was established and accepted 
internationally. 


VALUES OF THE OHM 


When the Technical Committee met in 1910, it had at 
hand wire standards calibrated in terms of the mercury 
ohms at the German Physikalisch-Technische Reich- 
sanstalt and the British National Physical Laboratory. 
The two values for the ohm were found to differ by only 
one part in 100,000, and the mean value was accepted 
by the Technical Committee in the following resolution: 

The committee decides to choose, for the present 
and until there are other mercury ohms prepared, 
as the value of the international ohm, to be recom- 
mended to all countries for general use, the mean of 
the values of the units realized at the Physikalisch- 
Technische Reichsanstalt and at the National 
Physical Laboratory. Although the international 
ohm as defined by the London Conference has 
not yet been strictly realized, the committee 
believes that its value has been attained in two 
laboratories independently with a good degree 
of precision, and that future work is not likely 
to change it by more than two or three parts 
in 100,000. 

It will be seen that this acceptance of a mean value 
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to becalled the International Ohm wasreally provisional. 
The International Committee never succeeded in 
completing the full and formal establishment of the 
unit, and no machinery was provided for the distribu- 
tion and maintenance of a common unit. The work 
of the committee did, however, show that the resistance 
standards of the several national laboratories were 
already in fairly good agreement. Since the standards 
were thus reasonably concordant, in general each 
laboratory considered it best to maintain the continuity 
of its own values rather than to make small changes in 
advance of a complete international acceptance of a 
precise value. 

In fact, a mercury ohm determination completed at 
the Bureau of Standards a few years later? gave a value 
differing from the international ohm accepted in 1910 by 
25 parts in a million. This was considered to be a 
check within the limits of certainty of the mercury ohm, 
and the values assigned to the Bureau’s wire standards 
were not changed. Since 1915 no mercury ohm deter- 
minations have been made at the Bureau. The unit 
has been preserved by sets of wire standards whose 
relative values have been found to be very stable. The 
unit has been maintained on the assumption that the 
mean resistance of a group of 10 one-ohm manganin 
wire standards remains constant. The ten standards 
included in the reference group are, however, not always 
the same. Intercomparisons with a_ considerably 
larger group are made from time to time, and those 
standards which have apparently been most stable are 
chosen for the reference group which is the custodian of 
the unit until the next intercomparison is made. 
Since 1910, 17 different standards have thus at various 
times been included in the reference group. 

Comparisons of the ohm as maintained in different 
countries have been made only irregularly, but the 
results have indicated that all the national laboratories 
have remained in satisfactory agreement. The dif- 
ferences found have seldom been greater than two 
parts in 100,000, which is about the limit of accuracy 
obtainable in the establishment of the international 
ohm. 

In recent years an entirely unexpected complication 
has arisen which makes the old definition of the inter- 
national ohm indefinite. This is the discovery that 
mercury is not a simple element but includes several 
isotopes. If completely separated, these would pre- 
sumably differ in density by as much as 8 per cent, 
although they have the same resistivity on the basis of 
volume. This difficulty is not a serious one, however, 
since mercury from many sources as ordinarily produced 
has been shown to have the same density within a few 
parts in a million. At any rate, the difficulty can be 
met by specifying the density of the mercury to be used 
in the ohm tubes or by prescribing the cross-section 
instead of the mass of the mercury column. 

Although the mercury ohm affords a means, how- 
ever, of checking the value of the unit to a few parts in 
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100,000, determinations of the absolute value of the 
international ohm have shown that this unit differs by 
a considerable amount from the basic unit with which 
it was intended to be practically equivalent. Two 
very careful determinations have been made since 1910 
by entirely different methods, one at the National 
Physical Laboratory,‘ with an apparatus of the Lorenz 
disk type, the other at the Reichsanstalt® by comparison 
of resistance standards with the calculated self-induc- 
tance of acoil. The two results agree within one part 
in 100,000. This close agreement must be considered 
as partly accidental, since the relative values of the 
reference standards used in the two laboratories could 
not be depended upon to such a high degree of accuracy. 
Expressed in terms of the length of a column of mercury 
of the same cross-section as the international standard, 
these two determinations indicated that the absolute 
ohm would be represented by a column 106.245 or 
106.246 cm. long instead of 106.300. It appears 
certain, therefore, that the absolute ohm is smaller than 
the international ohm by about five parts in 10,000, — 
and incidentally that determinations of the absolute 
ohm can be made with the same degree of precision as 
the international ohm can be established and checked 
with mercury ohm tubes. 


VALUES OF THE AMPERE 


The present international ampere represents the value 
obtained by the Technical Committee of 1910 as an 
average of the results found with several different types 
of voltameter. Since current is transitory, the average 
result was recorded and is concretely expressed by the 
value assigned to the Weston normal cell. The inter- 
national volt being the potential drop in the accepted 
international ohm with a current flowing which de- 
posited 1.11800 mg. per sec. in the average voltameter, 
the committee found that the average cell had a voltage 
of 1.0188, and this has since been used as the standard 
value. Standard cells used in conjunction with resis- 
tance standards calibrated in international ohms pre- 
sumably reproduce ampere values as then obtained. 


The voltameters operated by the Bureau of Standards 
at that time would have established an ampere larger 
than the average by three parts in 100,000. That is, 
in these voltameters the deposits of silver were smaller, 
probably because they were more nearly pure silver. 
As a result of researches carried out over a period of 
several years® following the London Conference, the 
precision of the voltameter as a measuring instrument 
was materially improved, but since these improvements 
in procedure reduced the deposits they would increase 
the value of the ampere as measured by the silver de-. 
posited. Seven series of measurements made in five 
different countries since 1910 have shown an average 
deviation of only one part in 100,000 from their mean, 
but the mean is three parts in 100,000 different from the 
1910 value. That is, these voltameter measurements 
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would have made the standard cell value 1.01827 
instead of 1.0183. 

As has been remarked above, the ultimate value of the 
international ampere as defined by the silver voltameter 
is as yet indefinite because no precise specifications for 
the operation of the voltameter have been adopted. 
The Bureau of Standards has proposed specifications 
which are believed to assure the highest attainable 
degree of purity in the deposit. In voltameters used 
according to these specifications, the absolute ampere as 
measured by the Bureau’s current balance was found 
to deposit 1.11804 or 11.1805 mg. per sec., of which 
about 0.004 per cent was foreign matter included with 
the silver. Consequently, according to these measure- 
ments, if the international ampere were based on pure 
silver deposited, it would be identical with the 
absolute unit within the limits of accuracy of these 
measurements. 

This allowance for inclusions was not made, however, 
when the accepted value for the standard cell was 
established in 1910. Since it has to be added to the 
difference of three parts in 100,000 mentioned above, 
the “international ampere’ then set up was smaller 
than the absolute by seven or eight parts in 100,000, 
according to the measurements made at the Bureau of 
Standards. Taking into account also measurements at 
the British National Physical Laboratory’ and at the 
University of Groningen, Holland’, it has been esti- 
mated! that the best value for the international ampere 
of 1910 was 0.99991 absolute ampere, and this conver- 
sion factor has been commonly used. 

There are several distinctly different methods by 
which the absolute ampere can be found. Since the 
1908 London Conference, good determinations have 
been made by the tangent galvanometer’, the electro- 
dynamometer’, and several forms of current balance 71. 
It is not possible, in most cases, to compare the results 
exactly because there have been no common standards 
of sufficient accuracy to preserve and express the values 
obtained by these experiments. The differences have 
been a few parts in 100,000, and it is a question how 
much of these differences is due to the errors in estab- 
lishing the absolute ampere and how much to variations 
between the voltameters (or the standard cells and 
resistance coils) used to represent the international 
ampere. Certainly it is possible to establish the 
absolute value within two or three parts in 100,000 
with a single instrument like the current balance. If 
several laboratories were to set up different types of 
absolute instruments and systematically compare the 
results, it should be possible to establish and maintain 
the ampere to one part in 100,000. 


VALUES OF THE VOLT AND OTHER UNITS 


Although the ampere is the second fundamental unit 
adopted, the unit actually maintained for practical 
measurements is the volt, as represented in the standard 
cell. Since 1910 the Bureau of Standards has main- 
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tained this unit by groups of reference cells in a manner 

closely analogous to that described above for the ohm. 

With a few substitutions of stable cells for some which 

showed a relative decrease in electromotive force, it is 

believed that these reference groups of selected cells 

have remained substantially constant for many years, 

some of them since 1906. A few new cells have been 

made recently, and these have agreed with the older 

groups within one part in 100,000. Results of com- 

parisons with other laboratories in this country and 

abroad have also generally supported the belief that the 

Bureau’s cells have maintained their values. During 

the last year, however, differences of several parts in 

100,000 have arisen between the Bureau’s measure- 

ments and those of the National Physical Laboratory, 

and no complete explanation for them has yet been found. 
The absolute value of the international volt and of 

other international units is, of course, dependent on 

tnat of the ohm and of the ampere. On the basis of 

the estimates given above for the two fundamental 

units as established in 1910, the various international 

units have the following values!: 

1 international ohm = 1.00052 absolute ohm 

1 international ampere = 0.99991 absolute ampere 

1 international volt = 1.00043 absolute volt 

1 international watt = 1.00034 absolute watt 

1 international joule = 1.00034 absolute joule 

1 international coulomb = 0.99991 absolute coulomb 

1 international farad = 0.99948 absolute farad 

1 international henry = 1.00052 absolute henry 

1 international gilbert = 0.99991 absolute gilbert 

1 international maxwell = 1.00043 absolute maxwell 


FUTURE UNITS AND STANDARDS 


There are few applications in which a change of one- 
twentieth of one per cent (the maximum discrepancy 
existing between the two sets of units) would now be of 
any practical importance. The demands of industry 
for precise measurements have grown with surprising 
speed, however, and if the discrepancy is ever to be 
removed, it would be well to perform the operation 
before the change does become significant in industry. 
For those laboratories which carry on work of high 
precision, the changes involved in going over to the 
absolute units would undoubtedly be troublesome for a 
time, particularly because so much apparatus is pre- 
cisely adjusted to values in the international units. 
The easier course at present would be to retain the old 
units, making such minor adjustments as may be found 
necessary for better international agreement, and to 
establish accurately the necessary conversion factors 
for those who must transfer from electromagnetic 
quantities to electrostatic and to heat or other mechani- 
cal units. When one considers, however, that this 
probably means laying up trouble in increasing amounts 
for decades to come in order to avoid some temporary 
inconvenience, it would appear that the logical course 
is to adopt the absolute units in the near future rather 
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than to make merely minor adjustments in the inter- 
national units. 

Before the abso!ute units could be thus adopted for 
practical use, it would be necessary to have more 
laboratories set up apparatus to give these units and to 
find whether these newer determinations agreed satis- 
factorily with those which have been mentioned above. 
If such apparatus is set up in the several national 
laboratories and gives concordant results with a cer- 
tainty as great as that of the mercury ohm and silver 
voltameter, the need for these inconvenient custodians 
of the units will have vanished. This will be true even 
if the present international units should be continued in 
use. 

In the enactment of legal definitions, the concreteness 
of the standards representing the present international 
units offers some advantage, but in those countries 
having national laboratories there should be no serious 
difficulties in securing the legal recognition of units 
defined in terms of the centimeter, gram, and second, 
to be established and maintained by the national 
laboratory in cooperation with the International 
Committee on Weights and Measures. Other countries 
could define the units similarly and provide for obtain- 
ing copies of standards through the International 
-Committee. 

Although this Committee has never heretofore dealt 
with electrical standards, it was empowered to do so by 
an amendment to the international convention on 
weights and measures which was ratified by the United 
States in 1923. In accordance with its enlarged 
authority, the Committee is now inaugurating a series 
of systematic intercomparisons between the national 
standardizing laboratories, and it will consider eventu- 
ally what steps shall be taken to coordinate more 
effectively electrical measurements as made in different 
countries. 

Whatever course is followed, it is obvious that there 
is urgent need for comprehensive exper:mental studies, 
including the reexamination and further development of 
the fundamental standards whereby the units are 
established and maintained. This, of course, is pri- 
marily a problem for the national standardizing lab- 
oratories. In general, however, such laboratories in 
recent years have been pressed with problems of more 
immediate and obvious industrial usefulness, or their 
means available for fundamental scientific work have 
been otherwise curtailed. 


PRESENT WORK AT THE BUREAU OF STANDARDS 


In view of the long period over which the units haye 
been maintained at the Bureau by means of secondary 
standards, coils and cells, it would be desirable to check 
their values by new mercury-ohm and silver-voltameter 
determinations. It has been believed, nevertheless, 
that a revival of the researches on fundamental units is 
still more important, and that if successfully carried 
out, these researches would in effect give also as accurate 
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a check on the international units as could be got by the 
use of the mercury column and the voltameter. Since 
it has not been practicable to take up work on both 
types of standards, attention has been given first to the 
development of apparatus for establishing the funda- 
mental units. Of these units, the ohm has been given 
priority because the Bureau has never made any 
determinations of its value, and very few accurate 
determinations have ever been made. ‘Two inde- 
pendent schemes for accomplishing this purpose are 
being developed. Both will use stationary inductance 
coils designed for calculation of the inductance from 
dimensions. One method, devised some years ago by 
Dr. Frank Wenner, will use mutual inductances so 
arranged that the electromotive force induced in the 
secondaries can be balanced against the potential drop 
in a resistance of which the value is to be determined. 
The other procedure is planned to make use of the 


_experience of the Inductance Laboratory under the 


charge of Dr. H. L. Curtis. It will consist essentially 
of the comparison, by a-c. bridge methods, of a self- 
inductance of calculated value with the resistance to be 
measured. In each project, it is desired to carry the 
results to an accuracy approaching one part in 100,000, 
and this requires a theoretical and experimental study 
of many details which are neglected in ordinary mea- 
surements. Fair progress is being made, but it is 
impossible to predict when final results will be obtained. 

For absolute measurements of current, the balance 
used by Dr. E. B. Rosa! and his associates has been 
reassembled and is being studied for possible improve- 
ments. It is hoped that this will soon give results 
which, in conjunction with the wire ohm standards, will 
serve to check the Bureau’s standard cell values. 

Whatever primary standards are used, the cells 
always serve as one of the essential secondary standards, 
and studies of their behavior are being made. This 
work, as well as the maintenance of the reference group 
of cells, is under the direction of Mr. G. W. Vinal. 


CONCLUSION 


This summary of the present situation in regard to the 
electrical units and standards has been offered because 
the Bureau of Standards has a large responsibility for 
their maintenance and improvement which in recent 
years it has not been able to meet to its own satisfaction. 
The kind of work necessary to give the accuracy de- 
sired in the basic standards can not be done hastily, 
and it will require several years of work on the part of 
all the national laboratories to provide a good technical 
basis for a final decision on the type of standards and 
on the units to be adopted for international use. 
Detailed results of the several investigations mentioned 
will be published as they become available. In the light 
of these results and those of similar work abroad, the 
International Committee on Weights and Measures 
will have to reach a decision. In the meantime, it is 
desired that those whose interests will be affected by 
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this decision study the situation and make known their 
Views as to the course which should be chosen. 
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Electrical ‘Transportation 
Annual Report of Committee on ‘Transportation* 


To the Board of Directors: 

During the past year the application of electrical 
means to the various branches of transportation con- 
tinued at an accelerated pace. The major division of 
the transportation industry, namely, steam railroads, 
added to its electrified lines and, although the mileage 
electrified is still a small percentage of the total, it is 
steadily increasing and is rapidly becoming an im- 
portant factor in railroad operation. Into the field of 
city and suburban railways, improvements are con- 
stantly being introduced. On the water, electric 
drives are being adopted more and more, with either 
steam turbines or oil engines as prime. movers. Bus 
transportation is adopting, extensively, gas-electric 
propulsion. The oil-electric locomotive and the gas- 
electric motor rail car are being introduced in certain 
phases of railroad operation. 


STEAM RAILROAD ELECTRIFICATION 


The year 1926 has seen the completion of two major 
electrification projects, that of the suburban lines of the 
Illinois Central Railroad out of Chicago and the line of 
the Virginian Railway between Mullens, West Virginia, 
and Roanoke, Virginia. The Detroit & Ironton 
Railroad completed 17 mi. of electrification between 
Fordson and Flat Rock, Michigan. 

The New York Central opened a new electrified 
section between High Bridge and Yonkers, New York. 

Of the principal uncompleted projects, the Great 
Northern Railway is electrifying 80 continuous mi. of 
its line between Wenatchee and Skykomish, Washing- 
ton. The Pennsylvania Railroad is extending electric 
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suburban operation on its main line between Phila- 
delphia and Wilmington, and also from Philadelphia to 
West Chester. The New York, Westchester & Boston 
Railway is continuing its extension of electrified line 
between Larchmont and Port Chester, New York. 
The Long Island Railroad is installing freight electrifica- 
tion on its Bay Ridge division. 

Illinois Central Railroad. The first step in the elec- 
trification of the Illinois Central out of Chicago was 
completed during July of last year when the suburban 
service was placed in electric operation over 28 mi. 
of the main line and 8.9 mi. on two branch lines. The 
ordinance under which this project was carried out 
calls for electrification of freight service within the city 


limits by 1935 and electrification of through-passenger 


service on both the Illinois Central and Michigan 
Central by 1940, provided a certain portion of the 
tenant roads then using the passenger station on East 
Roosevelt Boulevard are electrically operated at the 
time. 

The 1500-volt, d-c. system with overhead contact 
wire was chosen since there is no immediate prospect 
for extension over main line divisions. 

Power supply is secured at the railroad’s right-of-way 
from substations owned and operated by outside power 
companies. The conversion from 60-cycle power to 
1500-volt direct current is accomplished by means of 
synchronous converters and mercury arc rectifiers. 
One of the reasons for purchasing power rather than 
building a generating plant was the fact that the power 
companies can supply power from several plants over 
various routes and thus aid in securing continuity of 
service. 

The distribution system of the railroad is so laid out 
that the wires over each track are separate electrically 
and can be sectionalized at substations and inter- 
locking plants by automatic high-speed circuit breakers. 
Normally, the wires are tied together over all tracks. 
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No feeders are required external to the catenary 
system. ‘Trolley feeder switches in all substations and 
tie stations are operated from the railroad company’s 
power supervisor’s office ky supervisory control. The 
power supervisor has electrical indication from each 
substation and tie station and, in case of trouble, he 
can cooperate with the train dispatcher who occupies 
a joint office. 

The catenary system, which provides the entire 
current-carrying capacity, has an average conductivity 
over each track of about 790,000 cir. mils, copper equi- 
valent. This figure takes into consideration average 
- wear on the contact wire. The catenary system is 
completely non-ferrous, with a double contact wire. 
Chord construction is used on curves with the aid of 
shortened pole spacing. The rail bond, adopted as a 
final standard; is a U-type gas-weld bond consisting of 
two No. 1A. w. g. flexible conductors. 

The 260 multiple-unit cars for this service are built 
in two-car units. Two pantographs and four 250-h. p. 
nominal-rating, self-ventilated, series railway motors 
are located on each motor car to which a trailer car is 
semi-permanently attached. Normally, only one pan- 
tograph on each motor car is in operation. Each 
pantograph exerts a pressure of about 20 lb. against 
the contact wires. Automatic couplers couple the cars 
together mechanically, electrically and pneumatically 
with full automatic operation between the two-car 
units. 

Virgiman Railway. Heavy electric freight operation 
over the entire electrified zone of the Virginian Railway 
started in September, 1926. The electrification is 
now complete from Mullens, West Virginia, to Roanoke, 
Virginia, a route of 133 mi. 

An 11,000-volt, 25-cycle, single-phase, a-c. system is 
installed. The problem of taking a heavy tonnage 
train down a long grade was a large factor in deciding 
upon the a-c. system in order to use split-phase locomo- 
tives for regenerative braking. 

The power plant, owned and operated by the railway, 
contains four 12,500-kv-a., 25-cycle, single-phase turbo 
generators and five water tube boilers each rated at 
1521 b.h.p. Pulverized fuel is used and has been 
found to be peculiarly well adapted to the rapidly 
fluctuating power load. 

Electric power is transmitted from the plant at 88,000 
volts over twin transmission lines. There are seven 
transformer substations along the right-of-way. They 
contain three-coil transformers in which the low-voltage 
winding is divided into two parts. One part of the 
winding supplies 11,000 volts between the trolley and 
rail, while the other part supplies 22,000 volts between 
a feeder and the rail. This gives a potential between 
trolley and feeder of 38,000 volts. Transformer wind- 
ings are so constructed that reconnection for 22,000 
volts from trolley to ground can be made when traffic 
demands require this to be done. Balancer stations 
containing auto-transformers are located between the 
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main transformer stations in order to connect the feeder 
circuit to the trolley and rail. 

The catenary system is completely non-ferrous with a 
copper and bronze composite messenger and a bronze 
contact wire. Inclined catenary is used in general, 
but on account of the great number and high degree 
of curves, pull-offs have also been employed. 

The 12 road locomotives are each built in three units 
which are electrically identical. They receive power 
from the single-phase trolley through a transformer and 
phase converter, and are driven by three-phase traction 
motors at running speeds of 14 and 28 mi. perhr. Each 
complete locomotive weighs 637 tons. 

Detroit & Ironton Railway. During 1926, the 
Detroit and Ironton Railway started electric operation 
on 17 mi. of line from Fordson to Flat Rock, Michigan. 

Power is supplied at 44,000 volts, 25-cycle, single- 
phase, between feeder and contact wire, with 22,000 
volts between contact wire and ground. 

The catenary system is non-ferrous, composed of 
4/0 bronze contact wire and a 14-in., seven-stand bronze 
messenger wire. The supports for the catenary are 
unique in that they are pre-cast reinforced concrete 
arches bolted together and placed on concrete founda- 
tions. Inclined catenary is used on curves. A Y-in. 
stranded copper feeder, together with auto-trans- 
formers, is used to secure three-wire feed. 


The locomotives, two in number, are of the motor- 
generator type. In these locomotives, alternating 
current is stepped down to 1240 volts to drive a syn- 
chronous motor which, in turn, drives a 600-volt d-c. 
generator. Eight traction motors, of the d-c. type, 
rated at 225 h.p., are mounted on each power unit 
which is articulated into two wheel bases of four axles 
each. The complete locomotive consists of the two 
power units. It has 32 driving wheels on which the 
total weight of 372 tons is carried. 


Great Northern Railway. The line of the Great 
Northern Railway between Wenatchee and Skykomish, 
Washington, involving about 80 mi. of route, is be- 
ing electrified with 11,000-volt, single-phase, alter- 
nating current. Twenty-six miles of the old line 
(from Cascade to Skykomish) is now in operation. 
A new tunnel 734 mi. long is being constructed to im- 
prove the route and to replace the old Cascade tunnel 
which was electrified in 1909 with 6600 volts, three- 
phase. 

Two motor-generator type locomotives with two cabs 
each have been placed in service, which convert the 
25-cycle power into 600-volt direct current to operate 
the traction motors. These two locomotives have a 
continuous rating of 3660 h. p. at 151% mi. per hr. with 


a tractive force of 88,500 lb. 


Two single cab motor-generator type locomotives 
are now being built. They will convert the 25-cycle 
power to 1500-volt direct current to operate the motors 
with two motors in series. These locomotives will 
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have a continuous rating of 3000 h. p. at 18.6 mi. per hr. 
with a tractive force of 60,500 lb. 

Pennsylvania Railroad. The Pennsylvania Railroad 
has under way the electrification of its main line for 
suburban service between Philadelphia and Wilmington, 
a distance of 27 mi. After this is completed, the 
suburban line between Philadelphia and West Chester 
will also be electrified. The design is laid out with due 
regard to the possibility of future extensions. 

Electric power will be purchased, stepped up .and 
transmitted along the right-of-way at 132,000 volts, 
25-cycle, single-phase, 66,000 volts to ground, over 
duplicate transmission lines to the transformer sub- 
stations where it will be converted to 11,000 volts for 
the trolleys. 


The catenary system will be completely non-ferrous. 
A bronze messenger wire with copper auxiliary wire and 
a single bronze contact wire will be used. The inclined 
type of catenary is to be installed on curves. The 
catenary supports are principally back guyed tubular 
poles with cross-span catenary to support the main 
catenary. 

Multiple-unit cars of the type in the existing suburban 
electrification to Paoli and Chestnut Hill will be used. 

New York, Westchester & Boston Railway. The 
New York, Westchester and Boston Railway has built 
an extension of its line to Harrison, New York, and will 
continue on to Port Chester. Much of this extension 
adjoins the trackage of the New York, New Haven and 
Hartford Railroad. Multiple-unit suburban service is 
operated with an 11,000-volt, single-phase system. 

Long Island Railroad. The Long Island Railroad is 
electrifying its freight line to Bay Ridge for 11,000 volts, 
single-phase, with overhead catenary construction. 
This involves about 100 mi. of trackage. Seven 150-ton 
locomotives for operation on this line have been 
delivered. 

The extension of the third rail d-c. electrification 
over the West Hempstead passenger branch was 
completed last October. 

New York Central Railroad. During 1926, the 
New York Central opened electric operation for multi- 
ple-unit service on the Putnam division, extending 
from Sedgwick Avenue Station, New York City, to 
Yonkers, New York, a distance of seven mi. 


CITY AND SUBURBAN RAILWAYS 

New car equipment being placed in service on electric 
railways is now confined, in most cases, to the light- 
weight type of car, in order to secure reduced operating 
costs. 

Articulated train units are now in operation in 
street-car and subway service. Three-car articulated 
units for heavy subway and elevated service have been 
installed by the Brooklyn-Manhattan Transit Corpora- 
tion. These units consist of three-car-bodies mounted 
on four trucks. 

The most radical development is a car on which 
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high-speed motors, entirely spring-supported, drive 
the axles through worm gears and a differential. Light 
weight and absence of noise are the outstanding charac- 
teristics of this car. 


MARINE PROPULSION 


Diesel-electric drive has been introduced on large 
tankers, suction and dipper dredges, ferries and tug- 
boats. Double-end operation has been successfully 
introduced on tug-boats as well as on ferries. 

Turbo-electric drive has been used on ferries in ad- 
dition to its past application to large boats. 


Bus TRANSPORTATION 
Simplicity, ease of control and durability are among 
the advantages which are causing the rapid introduction 
of gas-electric drive on buses. 


RECENT DEVELOPMENTS 

Diesel Electric Locomotive. The Diesel engine prime 
mover with electric drive is finding an increasing field 
in moderate sized locomotives up to 1000 h. p., on 
account of its high efficiency, ease and flexibility of 
operation and the absence of stand-by losses. 

Gas-Electric Cars. Many of the gasoline-propelled 
rail cars now being placed in operation are equipped 
with electric drive. 

Automatic Substations and Supervisory Control. The 
automatic substation is now finding its way into the 
electric railway field. The New York Central Railroad 
is installing three such substations to supply additional 
power for its New York Terminal electrification. 

Supervisory control has been introduced by several of 
the recently completed railway electrifications, notably 
the suburban electrification of the [Illinois Central, out 
of Chicago. 

High-Speed D. C. Circwt Breaker. The high-speed 
d. ce. circuit breaker, on account of the fact that it is 
opened by the rate of increase of the current rather than 
by the current value, has two distinct advantages in 
railroad electrification. First, the breaker will open 
before the current has reached a damaging value in 
any abnormal condition, such as motor flashovers, severe 
wheel sliping, or slight grounds. Second, the rapid rate 
of rise of current in a short circuit of any value makes the 
breaker more susceptible to short circuits than to heavy 
power loads and thus aids in securing selectivity be- 
tween these two conditions. 


Mercury Arc Rectifiers. The installation of mercury 
are rectifiers for the Illinois Central is one of the first 
instances in which these rectifiers have been used in this 
country for a steam railroad electrification. 

Motor-Generator Locomotives. Motor-generator loco- 
motives are being placed in service by the Detroit and 
Ironton, Great Northern, and New York, New Haven & 
Hartford Railroads. This type of locomotive can be 
built to give regenerative braking down to a very low 
speed. Speed control is flexible and the a-c. synchro- 
nous motor operates at a high power factor while the 
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d-c. traction motors are developed to a high degree of 
efficiency. 

Test Plant for Single-Phase Locomotives and Cars. 
In order to test electric locomotives and multiple-unit 
cars, the Pennsylvania Railroad, during 1925, equipped 
its Locomotive Test Plant at Altoona with a motor- 
generator set to convert 11,000-volt, three-phase, 60- 
cycle power into 11,000-volt, 25-cycle, single-phase 
power. A 204-ton freight and passenger locomotive 
was tested in 1925. During the year 1926, a complete 
test was made with a multiple-unit car. 

_ New Single-Phase Induction Motor. A single-phase 

traction motor without a commutator has been built 
in Germany. It consists of two rotors on the same 
axis, one inside the other. The outer rotor is synchro- 
nous, excited by direct current. The inner rotor is a 
shp-ring motor which drives the shaft. According to 
the builders, power factor can be maintained at unity 
with this motor, and it is their hope that the motor will 
compete successfully with the a-c. commutator motor. 


TECHNICAL PAPERS 


The committee has been fortunate in securing some 
excellent papers for presentation at the Summer 
Convention in Detroit. They are as_ follows: 

Current Collection from an Overhead Contact System 
Applied to Railroad Operation, S. M. Viele, Pennsyl- 
vania Railroad. 

Catenary Design for Overhead Contact Systems, H. F. 
Browne N. Y., N: H.& HOR. R. 

Catenary Construction for Chicago Terminal Electrifi- 
cation of Illinois Central Railroad, J. S. Thorp, Illinois 
Central Railroad Co. 

Collection of Current from Overhead Contact Wires, 
R. E. Wade and J. J. Linebaugh, General Electric Co. 

Railway Inclined-Catenary Standardized Design, O. M. 
Jorstad, Westinghouse Electric & Manufacturing Co. 

J. V. B. DUER, Chairman. 


THE NATURE OF COLD LIGHT 


Among the multitude of questions asked of Mr. 
Edison on the occasion of his eightieth birthday, the 
following, with its answer, indicates that the search 
for the sources of “‘cold light” has a practical bearing on 
the developments of the future. 

Q. Do you look for any radical changes in the 
present system of manufacturing and distributing 
electricity? 

A. Not unless we solve the problem of cold light. 

It is unfortunate in this regard that so many mis- 
conceptions have arisen concerning the nature of 
“eold light” as distinguished from other forms of natural 
and artificial light, because the matter is so simple when 
stripped of the mystery that seems to surround it. 

What is “cold light”? In a critical sense it has no 
existence for so-called “cold light” if intercepted and 
absorbed is converted into heat, but as the energy or 
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mechanical equivalent of this light is very small, the 
heat thus produced is insignificant. 


We all know that white light can be split up by a 


-prism into rays of many colors from red at one end of 


the spectrum to violet at the other end. Its mechani- 
cal equivalent appears as a maximum at the red end 
and drops to a minimum at the violet end, so that its 
average value may probably exist in the yellow-green 
region, which is the color of the light produced by the 
firefly and the glow-worm; typical producers of “cold 
light.” 

Why then is not all light ‘cold light”? For the 
reason that sunlight and almost all forms of artificial 
light are produced by incandescence of solid materials, 
and many octaves of invisible heat waves, which pre- 
cede and accompany the single octave (nearly) of visible 
light waves, are superposed on the latter. It is thus 
unavoidable total of invisible heat waves and visible 
light waves mixed together that is known by the com- 
mon term of light. It is evident that light cannot be 
produced in this way without being accompanied by 
heat, the development of which generally consumes 98 
or 99 per cent of the total radiant energy. 

When light is produced by means other than incan- 
descence, as in the case of the firefly for example, it is 
not thus accompanied by the undesirable heat waves. 
It is therefore termed “cold light”’ and it is, in fact, 
practically cold, as compared with other forms of light 
in general use. 


A saturated solution of alum in water is fairly trans- 
parent to visible light, but opaque to heat rays. There- 
fore, if sunlight, or artificial light produced by incan- 
descence, is filtered through a glass cell filled with this 
solution, the heat will be arrested and absorbed, and 
only “cold light” transmitted. 


There is no mystery about this: “cold light” is just 
plain visible light by itself, without any admixture of 
unnecessary and undesirable heat rays. The mystery 
only exists in the question of how to produce it artifi- 
cially in an economical way, and of sufficient intensity 
to be commercially useful.—General Hlectric Review. 


Each year the country demands more strongly that 
the light it uses shall be directed where it will do the 
most good. This is indicated by the government 
figures on the number of lighting fixtures of all kinds 
made in the United States during 1924 and 1926. 
There was a general increase of 16.8 per cent, raising the 
total value of such products from $205,000,000 made in 
1924 to $240,000,000 in 1926. The variations by 
classes offer some interesting sidelights. 


Theater and stage lighting fixtures increased 18 
per cent, indicating improved illumination in that pro- 
portion. The lighting of banks, public buildings and 
office buildings in 1926 improved over 1924 by 115 
per cent. 


Protective Devices 
Annual Report of Committee on Protective Devices’ 


To the Board of Directors: 


This committee in its report last year gave a rather 
complete survey of the present state of the art in the 
field of protective devices for power systems. As 
many of the principal features of that report. still 
describe the present practise in these various lines, the 
committee will report at this time more especially its 
activities during the past year. 

The principal work of the committee this year has 
been, first, in the arranging for and the actual prepara- 
tion of papers for presentation at meetings of the 
Institute, of which about 15 have been presented as 
listed in the reports of the subcommittees following, and 
‘second, in the work of standardization in connection 
with which during the year there were issued two 
reports on standards, one for lightning arresters and one 
for automatic stations. 


The work of the committee has been carried on by 
subcommittees, each under the direction of its own 
chairman, and after the first organization meeting of the 
main committee, held at Chicago in October, the 
further meetings have been held by the subcommittees 
individually. The subjects covered and the chairmen 
in charge of the subcommittees are as follows: 

Automatic Stations, W. H. Millan, Union Electric 
Light & Power Co., St. Louis, Mo. 

Current Limiting Reactors, E. A. Hester, Duquesne 
Light Co., Pittsburgh, Pa. 

Lightning Arresters, J. A. Johnson, Niagara Falls 
Power Co., Niagara Falls, N. Y. 

Oil Circuit Breakers, J. M. Oliver, Alabama Power 
Co., Birmingham, Ala. 

Protective Relays, H. P. Sleeper, Public Service 
Electric & Gas Co., Newark, N. J. 

Reports of the individual subcommittees follow. 


SUBCOMMITTEE ON AUTOMATIC STATIONS 


Four papers have been arranged for by this subcom- 
mittee during the year: 

Carrier-Current Selector Supervisory sie by 
C. E. Stewart and C. F. Whitney. 

Testing, Inspection and Maintenance of Automatic 
Stations, by Chester Lichtenberg. 

Automatic Substations, by D. W. Ellyson. 


*Committee on Protective Devices: 


F. L. Hunt, Chairman 
H. R. Summerhayes, Vice-Chairman 
E. A. Hester, Secretary 


Raymond Bailey, H. C. Louis, J. M. Oliver, 

W. S. Edsall, W. B. Kirke, E. J. Rutan, 

H. Halperin, kK. B. McEachron, H. P. Sleeper, 
F. C. Hanker, W. 4H. Millan, E. C. Stone, 

J. Allen Johnson, L. J. Moore, A. H. Sweetnam, 
M. G. Lloyd, A. Royal Wood. 


Presented ut the Summer Convention of the A. I. E. E., 


Detroit, Mich., June 20-24, 1927. 


Development of Automatic Switching Equipments in 
Umited States and Europe, by A. H. de Goede. 

In the matter of standardization, this subcommittee 
has prepared and circulated Report No. 26 on Standards 
for Automatic Stations. Criticism of this report is 
invited and it is hoped that many engineers to whom the 
report will be sent will respond with such suggestions 
as will permit adjustment of the substance of the 
report into a final set of standards. 


In the matter of research work it has been suggested 
that the application of automatic control has a direct 
influence on the degree of service actually rendered, 
and that a study should be made of the subject, with a 
view to determining to what extent, if any, automatic 
control of station equipment has improved service. 


SUBCOMMITTEE ON CURRENT LIMITING REACTORS 


Since there has been no marked progress in design, 
and since no very unusual installations have been called 
to the attention of the subcommittee, the subject of 
development will be passed with just a word. The fact 
that practically all new reactors now being installed 
are of the insulated conductor type shows that it is to be 
preferred over the older type with bare conductors. 
The superiority of insulated conductors has also been 
rather definitely proven by exhaustive tests. There 
seems to be some hesitancy on the part of operating 
engineers to go to the use of reactors of a higher voltage 
than 33,000 volts, although there are some successful 
installations of higher voltages, and manufacturers 
express their confidence in being able to produce satis- 
factory high-voltage equipment. 

In last year’s report, certain recommendations were 
made covering subjects to be studied this year. These 
were for the most part problems which have been 
considered by previous subcommittees and to which no 
solution has yet been discovered. Chief among these 
is the question of the value of resistance shunted 
reactors.. It was hoped that the extended use of the 
klydonograph and Dufour oscillograph would shed some 
light on this much mooted question, but nothing 
conclusive has been obtained. 

Another suggestion was that some work be done in 
an effort to reduce the variety of reactors with respect 
to voltage, current, and reactance values. The idea 
was that they might be standardized, with respect to 
their various characteristics, in steps in much the same 
way as has been done on oil circuit breakers. This was 
discussed at one of the Main Committee meetings and a 
decision handed down that this problem properly 
belongs to the N. E. L. A. rather than to the A. I. E. E. 


Further study of possible standardization for reactors 
is now under way. 
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SUBCOMMITTEE ON LIGHTNING ARRESTERS 
March 24, 1927 

Papers and Research. Last year’s report described in 
considerable detail two new tools which have become 
available for the study of lightning and other transient 
electric phenomena; namely, the klydonograph and the 
Dufour cathode ray oscillograph. That report also 
suggested three items of further work to be done; namely: 

1. Standardization of technique for using lightning 
generators for testing lightning arresters, 

2. Determination of voltage time characteristics of 
lightning arresters including rate of discharge, and the 
dielectric spark lag, 

3. Statistical data of operating experience on high- 
voltage lines. 

During the past year, substantial progress has been 
made along these lines by the use of the two devices 
above mentioned. This progress is recorded in the 
following papers presented before the Institute during 
the past year: 

1. Lightning and Other Experiences with 182-Kv. 
Steel Tower Transmission Lines, by M. L. Sindeband 
and P. Sporn, JOURNAL, Vol. XLV, No. 7, p. 641. 


2. Measurement of Transients by the Lichtenberg 
Figures, by K. B. McEachron, JOURNAL, Vol. XLV, 
No. 10, p. 934. 

3. Lightning—A Study of Inghining Rods and Cages 
with Special Reference to the Protection of Oil Tanks, by 
F. W. Peek, jr., JOURNAL, Vol. XLV, No. 12, p. 1246. 


4. Measurement of Surge Voltages on Transmission 
Iines Due to Lightning, by Everett 8. Lee and C. M. 
Foust, JOURNAL, Vol. XLVI, No. 2, p. 149. 

5. Transmission Line Voltage Surges, by J. H. Cox, 
JOURNAL, Vol. XLVI, No. 3, p. 263. 

6. Klydonograph Surge Investigation, by J. H. Cox, 
P. H. McAuley, and L. Gale Huggins, JOURNAL, Vol. 
XAG Ly No. 5; p. 459; 

Since the progress in research during the year in 
general is summed up in the conclusions of these papers, 
it seems worthwhile to restate these conclusions here 
in so far as they throw light on the nature and magni- 
tude of lightning surges and the characteristics of the 
devices being used to investigate them. 

Mr. McEachron’s paper concludes as follows: 

“As a result of this investigation, it can be definitely 
stated that the size and appearance of both positive and 
negative Lichtenberg figures are dependent on the wave 
front as well as on the crest voltage. 

Throughout the range of wave fronts probably found 
in service, the size of the positive figure is not much 
changed by a change in wave front only, except at 
voltages close to the upper limit of potential where a 
decrease in the size of figure is indicated with very 
abrupt fronts. 

The positive figures may be divided into three type 
forms which are partly determined by wave front and 
partly by the value of the crest voltage. It is possible 
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to gain some idea of the steepness of the front from the 
appearance of the positive figure. 

The size and appearance of the negative figures are 
considerably affected by changes in wave front, the 
steepest waves always giving the largest figures. The 
percentage change with a constant crest voltage applied 
is greatest for the lower voltages. The change seems to 
be great enough so that it cannot be neglected. The 
negative figures change in appearance with increasing 
steepness of wave front, but the changes are so indefinite 
that it is only possible to state that a particular negative 
figure probably represents a fast wave or a slow wave.” 

The paper by Lee and Foust contains field kly- 
donograph records showing surge voltages on a trans- 
mission line as high as 1500 to 2100 kv. In one case 
this was a highly damped oscillatory surge predomi- 
nantly negative; in another case it was a unidirectional. 
surge with positive polarity. 

Practically all figures obtained on transmission lines 
were of the type II class (paper by McEachron) and 
may be placed, therefore, within the wide range of 
wave fronts which vary roughly from that of a slow 
60-cycle wave to a surge which comes to its maximum 
value in a fraction of a microsecond. 

The maximum surge voltages obtained compare 
favorably with the laboratory results of insulator flash- 
over tests; the value 1800 kv. for the lightning spark- 
over of a 14-unit insulator string seems to be close to 
the upper limit of voltages actually measured on the 
line by means of recorders. The authors summarize 
this paper as follows: 

“Tt has been shown that surge voltage recorders using 
the positive photographic Lichtenberg figures have 
given essentially the same calibration data under a 
variety of conditions; also that the accuracy of such an 
instrument is in the order of 25 per cent, with a some- 
what better value possible for those measurements 
wherein several similar observations may be obtained. 


““Anextension of instrument design has been described 
wherein two recorders are used together, which allows 
the use of the positive figure as a voltage measure of 
all surge voltages, thus insuring greater certainty of 
result. A more comprehensive analysis of the figure 
characteristics is also possible, since both positive and 
negative figures are available. 


““A means of connecting the surge voltage recorder to a 
transmission line of higher than instrument voltage has 
been described which has been proved in service to be 
simple, reliable, and easy to calibrate. Calibration 
data are presented to show that with such connection, 
reasonble accuracy may be obtained in recording 
voltages up to values in the order of 2000 kv. A speci- 
men record of such voltages obtained in the field is shown. 


“Therecords which can be obtained from surge voltage 
recorder instruments connected as desired along a 
transmission line will allow the facts regarding surge 
voltages on transmission lines to be determined with 
reasonable exactness.” 
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Mr. Cox’s paper concludes as follows with respect to 
lightning: 

“1. Positive lightning strokes are frequent but weak. 
They are slow, of the order of 0.01 sec., and hence do 
not induce surges on transmission lines. 

“2. Positive strokes, even though slow, may produce 
surges of importance on isolated low-voltage lines, 
such as communication lines. 

“3. Negative lightning strokes are less frequent but 
more violent. They discharge in about three micro- 
seconds and hence produce high-voltage surges on trans- 
mission lines. 

“4. The field gradient is often as high as60 kv. perft. 
and may reach 100 kv. per ft. Thus a surge of over 
2000 kv. might be induced upon a line of ordinary height 
with sufficiently high insulation. Eighteen hundred 
kv. has been recorded by the klydonograph. 

“5. The time lag of an insulator flashover is less 
than the time of discharge of a negative stroke and thus 
the impulse fiashover voltage of the insulators limits 
the possible potential. 

“6. The stroke of lightning itself is unidirectional. If 
an oscillatory surge due to lightning is recorded, it is a 
line oscillation resulting from a flashover.”’ 

_ The paper by Cox, McAuley and Huggins contains 
the following conclusions with respect to lightning: 

“1. Surge voltage due to lightning is unidirectional. 
The clouds which produce surges are of negative 
polarity, resulting in positive induced voltages and neg- 
ative direct-stroke voltages. 

“2. The maximum values, reached by lightning surges 
on transmission lines, are limited by the flashover of 
the insulators. It is believed that the flashover voltage 
of|220-kv. transmission lineinsulation, at the steepnesses 
of wave front of lightning surges, is comparable to the 
maximum potentials ordinarily induced by lightning. 

**3. The flashover voltage of the average insulation of 
lines up to 140 kv. is about seven times normal for 
lightning impulses. 

“4, Seldom more, and often less than two surges, 
comparable in magnitude to the insulator flashover 
voltage, appear at a given point of a line during a storm. 

“5. The frequency of occurrence of the higher surges 
does not seem to be greater for low-voltage than for 
high-voltage lines. 

“6. High-voltage surges are damped below the corona 
voltage in traversing a few miles of line. At low magni- 
tudes they may travel long distances. 

“7 The quantitative measurements with the klydono- 
graph agree with the theories regarding induced volt- 
ages and the protection against these afforded by the 
ground wire. 


** * * * * * * * * * * * * 


“13, Except for lightning surges and arcing grounds, 
no high-voltage disturbances of particular importance 
to the operating engineer appear on transmission lines. 

k * * * k *k k * * * * * ok 
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“18. In the investigations of the performance of light- 
ning arresters in actual service, it was found that 
arresters in general give satisfactory operation, that is, 
they relieve all surge voltages above the standard test 
voltages for equipment insulation. Discharge currents 
up to 2500 amperes occur in practise. From these 
tests it is concluded that the field performances of 
arresters confirm predictions based on laboratory tests. 

“19, Lightning arresters do not protect a line against 
flashovers at distant points.” 

It is desired to call particular attention to Fig. 12 of 
the paper by Lee and Foust which shows results of 
klydonograph calibrations reported by Messrs. Cox and 
Legg, Mr. McEachron, and Messrs. Lee and Foust. 


“These results show remarkable agreement for the 


work of the different observers in different laboratories, 
with different instruments and circuits, and give added 
weight and certainty to the calibrations of the Lichten- 
berg figures in regard to magnitude of voltage.” 

As for the determination of wave shape from Lich- 
tenberg figures, the following excerpt from the paper by 
Messrs. Lee and Foust is significant: 

“At the present time, the determination of wave 
shape from the Lichtenberg figure characteristics is not 
as definite or as certain as the determination of the 
magnitude from the figure size, and herein there is 
room for added study. Further study along these 
lines tending toward greater exactness in the interpre- 
tation of figure characteristics is desirable.” 

From the foregoing results of the researches of the 
several investigators, the following significant summary 
of present knowledge may be made: 

1. Lightning strokes are unidirectional. 

2. Positively charged clouds discharge in about one 
one-hundredth of a sec.; negatively charged, in about 
three microsec. 

3. Surge voltages due to lightning are usually uni- 
directional. The clouds which produce surges are of 
negative polarity, resulting in positive induced voltages 
and negative direct-stroke voltages. Oscillatory surges 
are the result of flashovers and are highly damped. 

4. The wave front steepness, or time required for a 
lightning surge to reach its crest, lies within the broad 
range between about one one-hundredth of a second and 
one microsec. The steepest waves probably reach their 
crest in a time of the same order as that required for 
the discharge of a negatively charged cloud, namely, 
about three microsec. 

5. The maximum potential of lightning surges agrees 
with theory and laboratory tests and is limited. by the 
flashover value of the line insulators. 

6. Lightning arrester performance in service confirms 
laboratory tests. 

With the foregoing facts reasonably well established, 
it would appear that the establishment of standards 
for lightning arresters and lghtning arrester test 
apparatus and procedure may now be undertaken upon 
arational scientific basis. 
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Standards.” | The’ progress which has been made 
during the past year is bringing nearer the time when 
rational standards for lightning arresters can be for- 
mulated. Since the lightning arrester is a device for 
dealing with transient voltages, the standardization of 
arrester characteristics and testing devices and pro- 
cedure upon a rational basis demands the adoption of 
a standard transient potential or lightning surge. Such 
a standard transient or lightning surge should resemble 
as nearly as laboratory limitations will permit, the most 
destructive surges which natural lightning produces on 
transmission circuits. Sufficient evidence is now avail- 
able to indicate that such natural surges reach their crest 
values in a time on the order of three to four microsec. 
It is believed that the demand of the art at the present 
time for the adoption of a standard transient for light- 
ning arrester testing is sufficient to justify the adoption 
at this time of a tentative standard. Therefore, in the 
formulation of standards for lightning arresters, in 
which work the subcommittee is now actively engaged, 
it is proposed to establish a standard lightning surge 
for laboratory use which it is proposed to defineasiollows: 

“The standard lightning surge shall be one which 
rises to its crest value in four microsec. and which does 
not decrease more than 2 per cent in the following 10 
microsec.”’ 

For the purposes of lightning arrester standardization, 
it is proposed to fix the maximum value of the standard 
lightning surge at 100 kv. in order to limit the size of 
the necessary laboratory equipment. 

It is felt that the accelerated progress which will 
result from the agreement upon a standard transient is 
sufficient justification for the adoption of such a stand- 
ard at the present time, even though further experience 
may indicate that the exact form of the standard 
adopted may have to be changed. The Institute has a 
standard for cyclic voltages, namely, the sine wave. 
There would seem to be no reason why it should not 
likewise have a standard for transient voltages. Pos- 
sibly more than one such standard may be required for 
different purposes. 

Since the entire matter of standardization of test 
procedure for lightning arresters depends upon the 
adoption of a standard transient, the matter is men- 
tioned here in order that the committee may have the 
benefit of open discussion of the matter in the work of 
formulating standards on this most difficult subject. 

It is also desired to point out here that the cathode 
ray oscillograph is rapidly supplanting the use of 
sphere-gaps in determining the voltage and current 
characteristics of lightning arresters, and that conse- 
quently such terms as ‘equivalent sphere-gap,”’ “dis- 
charge rate,” and ‘‘dielectric spark lag” are rapidly being 
left behind, and are being replaced by actual voltage 
and current curves obtained with the cathode ray 
oscillograph. Such cathode ray oscillograms can be 
interpreted in terms of actual volts, amperes and times, 
even down to fractions of a microsecond, and conse- 
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quently give farmore comprehensive information regard- 
ing the performance of lightning arresters than ever was 
or ever could be possible from the use of sphere-gaps. 

It is hoped that the standards now under preparation, 
in connection with which a considerable amount of 
research is also under way, may be sufficiently advanced 
for presentation sometime within the next few months. 


SUBCOMMITTEE ON OIL CIRCUIT BREAKERS 


There was presented at the Winter Convention, a 
paper entitled Tests on High- and Low-Voltage Oul 
Circuit Breakers Conducted by the American Gas & 
Electric Company, prepared by Philip Sporn and Harry 
P. St. Clair. This paper may properly be classed as 
research work, since it gives valuable information on 
the subject of rupturing capacity of oil circuit breakers 
and methods which may be used in determining what 
these capacities are. This is the most important 
problem in the matter of oil circuit breaker design, 
and needs much additional research work of this class. 
Several other companies are arranging for similar oil 
circuit tests, and most of these tests are being con- 
ducted according to the recommendation of uniform 
test procedure, which will insure comparative results 
and much valuable data. 

Arrangements have also been made for and work is 
nor progressing on the preparation of a joint paper, 
Rating and Selection of Oil Circuit Breakers, which will 
bring up to date information presented some years ago 
in a paper of the same title by Messrs. Burnham, 
Hewlett and Mahoney. 

In the matter of standards, certain changes have been 
recommended, and are now under consideration by the 
Standards Committee, in Standards No. 19 and No. 22. 
Further work on standardization is necessary, in the 
opinion of the subcommittee, in connection with the 
temperature rating on switch and circuit breaker con- 
tacts and other parts. This work is being carried on as 
rapidly as possible with other interests that are involved. 

We believe that further work in standardization 
can be accomplished by the study of factors which 
determine the interrupting duty on oil circuit breakers. 
This is recommended for future study. 


SUBCOMMITTEE ON PROTECTIVE RELAYS 

During the past year there have been presented 
under the auspices of this subcommittee, five papers, 
including: 

Automatic Network Relays, by W. K. Bullard, 

A-C. Network Relay Characteristics, by D. K. Blake, 

Evolution of the Automatic Relay Unit, by J. S. Parsons, 

Design and Application of Automatic A-C. Network 
Units, by G. G. Grissinger, . 

Ground Relay Protection:of Transmission Systems 
by B. M. Jones and G. B. Dodds. 

In studying the question of standardization, there 
has been prepared a report on current and potential 
transformer characteristics. The result of this study 
is presented herewith, and it is, reeommended that 
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further consideration be given the subject, with a view 
to standardizing the limitations of use of current 
transformers of various characteristics. 


Report of the Subcommittee on Current and Potential 
Transformer Characteristics 


By H. M. RANKIN, CHAIRMAN 


1. The purpose of this subcommittee investigation 
was to determine the effect of very high currents on the 
characteristics of current and potential transformers, 
and to specify the nature and extent of information 
which is necessary to their application to protective 
relaying. It was the opinion of the members of the 
subcommittee that the characteristics of potential 
transformers were not sufficiently affected by high 
current conditions to warrant investigation from a 
relaying standpoint. This report, therefore, deals 
exclusively with current transformers, including both 
the “instrument type” with multiple primary turns and 
the “bushing type” with single turn primary. 

2. Characteristic ratio curves for current trans- 
formers should have a lower limit of one ampere second- 
ary current and an upper limit determined by any one 
of the following three conditions: 

10,000-amperes primary current, 
20 times normal rated current, 
2 times nominal ratio. 

3. Characteristic ratio curves should be furnished 
for both “instrument” and “bushing”? type current 
transformers for inductive burdens, power factor 0.5, 
as follows: 

15 Volt-amperes 
25 “ “ 
50 “ “ 
100 “ “ 
200 “ “ 


All values of volt-amperes given are based on five 
amperes, 60 cycles. The various loads are also to be 
specified in ohms resistance and henries inductance. 

4. Until further experience may demonstrate that 
more narrow limits may be adhered to, the manu- 
facturers should furnish, for each type and ratio of 
current transformer, a characteristic curve which 
shall be correct within the following limits: 

a. + 21% per cent deviation from standard curve up 
to 1.1 times nominal ratio. 

b. + 10 per cent deviation from standard curve at 
2 times nominal ratio. 

c. The deviations at points between 1.1 and 2 times 
nominal ratio shall be interpolated on a straight line 
basis. 

The manufacturers will, in future, keep a cloe checks 
on current transformer tests to determine whether the 
above limits are reasonble or can be decreased. If 
greater accuracy than the above is required, pending the 
result of further investigation on the part of the manu- 
facturers, it should be the subject of special request. 

5. Change in phase angle under high-current con- 
ditions. Some change in phase angle undoubtedly 
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does occur, especially with ‘bushing’ type current 
transformers in connection with large non-inductive 
secondary burden. It is thought that under conditions 
normally met in operation with secondary burdens 
approximating 0.5 power factor, this change in phase 
angle will have no serious effect on relaying. Informa- 
tion is lacking, however, on this point and it is recom- 
mended that more complete tests be made. 

6. Change in wave form under high-current con- 
ditions. The following oscillograms show plainly the 
wave distortion at high currents: 

7. Comparison of relay test methods. The following 
illustrations H-3601624, shows a comparison of the 
primary-secondary method to the shunt method of 
testing relays with “bushing” type current trans- 
formers. The curve marked ‘“‘1-Turn Primary” repre- 
sents, of course, the actual operating condition of the 
“bushing” type current transformer. For the curve 
marked ‘Shunt Method,” the primary ampere-turns 
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Bia. 5 Fig. 9 


Fie. 6 Fig. 10 


Fic. 7 Fie. 11 


Fia. 8 Thies, 1192 
Secondary burden R. M.S. amperes final 

Oscillogram Current Ohms AY ie si 

number transformer resist. induct. Primary Secondary Ratio 
C D-90371 A W-12 60/5A (0) 6,800 220 30.6:1 
C D-90372 A W-12 60/5A 1.4 6,800 145 49.0:1 
C D-90296 B K-48 60/5A 0.5 6,150 310 19.8:1 
C D-90297 B K-48 60/5A 1.4 6,150 WS Sorel 
C D-98179 57-turn bushing type 0.5 3.09 4,050 65 G2s3hl 
C D-98180 Fug 66 . i 25 3.09 4,442 66 67.3:1 
C D-98181 eae ice as « 4.5 3.09 2,760 37 74.6:1 
C D-98183 ed is ee 65 3.09 4,260 34 125s 
Cc D-98189 fou act es ef 0.5 3.09 200 3.20 61.521 
C D-98195 13-turn bushing type 4.5 3.09 11,000 16.7 660:1 
C D-98196 stom ace Se vf 2.5 3.09 11,120 29.7 37531 
C D-98197 Gr ee ee ‘ On5 3.09 556 40 SRO 


The first four apply to “‘instrument’”’ transformers and the remainder to ‘‘bushing”’ type transformers. It will be noted that though the distortion 
occurring under conditions of primary currents and secondary burdens within the range of ordinary operation may not be great enough to seriously affect 
relay performance, the imposition of excessive secondary burdens may have a decidedly bad effect. 
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are calculated by multiplying the input current by the 
number of secondary turns on the “bushing’”’ trans- 
former. The “4-Turn Primary” curve shows the 
discrepancy which may be involved when testing with 
one-fourth of the primary current through four turns 
wound on the core. The ‘bushing’? type current 
transformer chosen in this test was one having a very 
low ratio and with the secondary turns bunched in a 
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small space on the core, in order to exaggerate the errors 
involved. With a higher ratio transformer in which 
the secondary turns would be more evenly distributed 
around the core, the discrepancies would probably be 
much reduced. 

8. Error due to eccentric location of primary con- 
ductor. The following illustration H-3601623, which 
is self-explanatory, shows the effect of eccentric location 
of the primary lead of a “‘bushing’’ type current trans- 
former, combined with the effect of a bunched secondary 
winding. From a relaying standpoint, the discrepancy 
is so small as to be negligible. 

The attention of the subcommittee for the past 
year has also been given to the matter of relay test 
specifications and standards. It has been found diffi- 
cult to unify the varying practises of the many operating 
companies, as well as the test methods of the various 
manufacturers. It is not considered advisable at this 
time to undertake to offer a final and complete form, but 
the following data are given as the basis of tentative 
recommendations by this subcommittee. 

1. Nameplate Data. 

a. Descriptive name of relay. 
ce. Nominal operating current or voltage, or both. 
c. Frequency. 
d. Calibration curve. 
e. Time setting chart. 
f. Volt-ampere consumption and power factor 
or resistance and reactance of various coils. 
. Manufacturer’s type or model designation. 
. Manufacturer’s name or mark. 
Interrupting capacity of tripping contacts. 
. Polarity of directional relays. 
2. Allowable Temperature Rise. 
a. Coils. 
b. Contacts. 
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3. Insulation Resistance or Dielectric Strength Test. 
a. Insulation resistance test made with a megger 
of either 500- or 1000-volt rating. 
b. Dielectric strength test voltage, frequency, 
and duration of test. 

4, Permissible Minimum Contact Separation. 

5. Allowable Discrepancy from Nominal Value Given 
on Taps. (Current or voltage or both). 

6. Zero Torque Test on Zero Power Factor, Current 
Alone, Voltage Alone, Ete. 

7. Chattering Test at High Current. 

8. Vibration Tests. 

{t is hoped that the interested members will comment. 
to the subcommittee, on the above suggestion and that. 
by another year, the report may be in the form of a 
recommended standard. The work of this committee 
should continue, therefore, for another 12-month period. 

It is further recommended that the attention of this 
subcommittee be directed toward the establishment of 
other relay standards. This is a subject which deserves 
considerable attention as there are few phases of the art 
in general which are really standardized, and the need 
is great. Other suggested subjects are: Standardiza- 
tion of characteristic curves, standardization of descrip- 
tive nomenclature, standardization of relay symbols for 
single-line diagrams, standardization of relay symbols 
for wiring diagrams, and standardization of relay 
operation nomenclature. 

It is recommended that a subcommittee be appointed 
on “Relay Handbook Revisions and Amendments.” 
The book has now been published about two years, and 
it is believed that sufficient advances and improvements 
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in the art have occurred to warrant their inclusion in 
the “‘Relay Handbook.” It is the belief of this sub- 
committee that such action will be justified every two or 
three years. Otherwise, the value of the book will 
disappear in a few years’ time by reason of obsolescence. 
In the matter of future papers, it is reeommended that 
papers be prepared on the following subjects: 
Operating Experience with Impedance Relayilng 
Operating Experience with Parallel Line Relay, 
Protection. 
F, L. Hunt, Chairman. 
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President’s Address 
BY CUMMINGS C. CHESNEY 


HE fact that the provision of the Constitution of 
At the American Institute of Electrical Engineers 
which assigns the address of the President to the 
close rather than to the beginning of his term, seems 
to me to indicate a desire on the part of the Institute 
to have this address include in some measure, the ideas 
of the retiring President, acquired during his term on 
matters of general concern to the Institute, and to 
review those problems of procedure, organization and 
policy, which may assist the Institute to grow and 
develop in a way, which is healthy and for the best 
interests of its members, for the engineering profession 
as a whole, for the good of the electrical industry and 
the communities which we represent. It seems fitting 
therefore at this time to bring to your attention several 
outstanding features of the year just past. 

It has been my privilege as your President to have 
visited many of the more remote Sections of the In- 
stitute, for instance Salt Lake City, Los Angeles, San 
Francisco, Portland, Seattle, Spokane, and all of the 
Sections in Canada, together with many of the Sections 
located in the eastern cities and in the central West. 
I had in mind visiting all of those Sections, which, on 
account of their geographical location, have either never 
been visited by a national officer, or have been visited 
very infrequently. I am sure that it will be gratifying 
to all to learn of the increasing interest and activity 
in Institute affairs all over the country which it was 
my pleasure to find; and also to learn of the greater 
appreciation of the value of the Institute professionally 
and practically; but I have also noted many times in 
meeting with the officers of these Sections and discussing 
their problems, what an important part of our Institute 
activities these Sections constitute and how much of 
the future growth and vitalizing power of the Institute is 
dependent upon their success. 

The Institute and its Sections can well be likened to 
a hydroelectric power system, where the Sections may 
be represented as so many small rivers reaching out in 
all directions, bringing their supply of power through 
the main artery to the central power house which con- 
verts their combined energy into a total useful effort. 

At the regional meetings held by the Institute in 
various Sections of the country, out of a total member- 
ship of 19,000, several hundred national members may 
attend. For instance, at the regional meeting held at 
Madison, Wis., 180 were registered; at Niagara Falls 
580 were registered; at New York 700; at Kansas City 
225; at Bethlehem, Pa., 400. On the other hand, at 
the Sections meetings held during the year thousands 
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of members get together and carry on in the many 
sections the real development work of the Institute. 
There are 95 Student Branches, which held 842 meetings 
last year, at which 42,650 members were registered. 
There are 52 of the regular Sections which held 432 
meetings last year, at which 60,708 were registered; 
in other words there were over 100,000 members total 
of local Sections and Branches that attended meetings 
last year. 

It is through the regular meetings of Sections that 
the young engineer makes his first contacts and receives, 
in many instances, the inspiration that influences the 
character of his life’s work. 

What, the meetings of the Institute really mean to 
the members has been ably pointed out by President 
Scott in 1902, at the time of his presidency, when the 
Institute was developing at arapid pace. A committee 
was formed on local Sections at this time with the 
authority to make arrangements for the holding of 
local meetings. There had been a few Sections operat- 
ing at the time but active steps were then taken to 
develop broadly the Section idea. As Professor Scott 
so ably said, “In a profession, whose interests are so 
diversified and extended, workers should be brought 
together; they should have a common meeting place 
where discoveries may be announced, inventions 
discussed, engineering schemes criticized and new 
undertakings presented and discussed. Here the 
student and professor, the investigator, the manu- 
facturer, the operator and consulting engineer may meet 
upon common ground. The professor who regards 
lightly the work of the designing or construction 
engineer may find that his own cherished formulas 
are derived from rules and contain the constants, which 
the practical man has determined for himself. Asso- 
ciation leads to mutual understanding, it curbs eccen- 
tricity and one-sided development, promoting symmet- 
rical advancement.” 

During the year, I have been especially interested 
in watching the growth and accomplishments of all 
Sections of the Institute, and as might be expected, 
have been particularly interested in the growth and 
development of the Pittsfield Section, my home Section. 
This Section, the largest in the Institute, has a combined 
national and local membership of 1000 members, and 
it is not uncommon to have at the meetings more than 
800 in attendance. This Section is not only a common 
meeting ground for all ambitious young engineers in 
the community, but at the same time it represents a 
definite part of the city and community life. A large 
number of people interested in the general meetings 
purchase a membership ticket and attend the popular 
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meetings at which important investigators, scientists, 
and explorers give talks and demonstrations covering 
their experiences. The Institute Section is the leading 
dignified engineering group in the community and, being 
interested in the community’s growth, all the leading 
citizens feel honor-bound to belong to it. The local 
papers report the meetings in an elaborate way, some- 
times half a page being given to a single meeting. 
This publicity spreads the work of the Institute beyond 
the city limits so that the effectiveness of the Institute 
as an educational and social influence is far-reaching. 

In addition to the large general meetings, discussion 
or round-table technical meetings are held, at which 
the more ambitious young engineer meets on a common 
ground, and can engage in oral discussion, with the 
senior engineers of the community upon subjects of 
vital interest to him. Such discussion develops self- 
confidence, attracts attention to the younger engineer, 
creates the desire on his part to present papers at 
regional meetings, and affords an outlet for his latent 
energy, his enthusiasm, and his creative ability. 

As he gains in experience he is placed on committees 
and given an opportunity to do organization work. 
After he has served for several years in a minor capacity, 
further responsibilities are added and the extent to 
which he continues his efforts in the interest of his 
Section aids his progress in securing a higher office 
as a reward. Simultaneously with such progress he 
becomes identified with the national organization, 
taking an active part on the main committees. 

This opportunity for self-expression and growth 
afforded the younger engineers through the local Section 
is vital, for here he learns one of the fundamentals of 
life—that progress comes only through constant effort. 
The methods, which have been followed by the Pittsfield 
Section, develop the activities of the Section and have 
resulted directly in the growth and development of the 
individual member; they have been followed to some 
extent by other Sections, and while the Pittsfield idea 
is worth copying there are other similar successful 
experiences in other Sections of the Institute that are 
equally entitled to thorough study and consideration 
by the national officers. 

I believe there is need for outlining a more definite 
policy for Section activities based on the opportunities 
for training and growth afforded the younger members. 
Such a policy would include more specific plans for 
lectures and round-table discussions than have hereto- 
fore been the practise, and gives a chance for develop- 
ment of organizing and managerial ability. It.should, 
of course, include the opportunity to prepare papers, 
to engage in oral discussions, and to take a more in- 
timate part in community work. 

An engineer, because of his education, is accustomed 
to analyze conditions and arrive at basic truths, and 
if his special abilities which invite confidence could be 
adapted to our community problems it would have 
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a very direct bearing on the future progress and effi- 
ciency of our industry and our country. 

The Speaker Bureau idea came into effect this year, 
in a limited way. Through this bureau it is expected 
the Sections may more readily get talented speakers 
and lecturers. The idea is sound and should become 
more and more valuable each year and should be given 
special consideration in the future. 


The Committee on Public Relations, by formulating a 
definite plan of procedure based, of course, on the ex- 
perience of the older sections, can greatly aid in extend- 
ing more rapidly the influence in their several 
communities of the younger or more newly organized 
sections. 

For the purpose of the study of the section idea and 
the ready exchange of ideas between them, and for the 
purpose of extending the sections’ local and national 
influence, our new Assistant Secretary, Mr. Henline, 
was added to the national executive staff last January, 
and while he has not authorized me to speak for him, 
coming from the Golden West, I know his progressive 
spirit makes him ever ready to render any assistance 
within his power to any section. May I also at this 
point commend the work of Prof. Harold Smith during 
the past several years as Chairman of the Sections 
Committee. The Institute is under a deep debt of 
gratitude to him. We cannot too much emphasize 
the fact that without the help of the Sections, through 
their vigorous and helpful growth the usefulness and 
future stability and the influence of the Institute will 
be seriously handicapped; whereas with the constructive 
and vitalizing work which the Sections are able to 
contribute to the Institute’s affairs there will be every 
reason to expect that the past effectiveness of the 
Institute will continue indefinitely. 

During the past year, your executive officers and your 
Board of Directors have given more than usual attention 
to the subject of Electrical Standardization. It is a 
subject that has had the particular attention of practi- 
cally every Board of Directors since the appointment 
of the first Committee of Standardization by the In- 
stitute in 1898. 

There has been intense interest in standardization 
through the older engineering organizations and also 
through the newer trade associations, both national 
and international, which has brought forth recent state- 
ments from prominent writers, such as, “Standardiza- 
tion is the outstanding note of this present century. 
It ramifies to the remotest details of our industrial 
regime. Its trends are highly significant. They tap 
all sources of scientific knowledge and affect every phase 
of design, production and utilization.”” From another 
author—“‘Standardization is a new and outstanding 
influence in modern industry. It is based on an 
economic conception of utility, and its trends and rami- 
fications affect every aspect of design, production 
and utilization.” 
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These are excellent and general statements of fact, 
but submit no reason for this recent great activity in 
this line, which is now so generally recognized. It is, 
in my opinion, largely the direct outcome of the scarcity 
of labor since the great war and the passage of our new 
immigration law, and the laudible desire to maintain 
and extend the high standard of living which, in this 
country, we have enjoyed for the past quarter of a 
century, and during which tens of millions of people 
have attained standards of comfort and of culture far 
higher than those of any other country in the world, 
and immensely in excess of anything hitherto known in 
the world’s history. 

All this argues for the maintenance and increase of 
the present earnings of the worker and at the same 
time requires the lowering of the cost of production. 
Standardization—which permits more readily repetitive 
methods of production—stimulates the invention of 
machines to do more rapid, more accurate and more 
skilled work. It stimulates the increased use of con- 
veyors and other mechanical means for reducing the 
amount of labor required for handling and transporta- 
tion, all of which makes for the increase of the 
productivity of the individual and thus directly for the 
increase of the national wealth. 

Standardization and mass production contribute to 
decreased cost, not only through the economies effected 
in the manufacture of the product but also in the 
economies effected— 

1. Incalculations and designs. 

2. In the preparation of drawings and specifications. 

3. In making propositions in response to requests 
from customers. 

4. Inselling costs. 

(1) Economies are effected in design largely through 
savings in time of engineers by the elimination of odd 
types and designs, thus freeing the engineers for other 
work. Standardization of circuit voltage and periodic- 
ity and of permissible limits of variation of these in 
service, permit the manufacturer to reduce the number 
of varieties of machines. Furthermore, by standard- 
ized working limits, such as dielectric strength and 
temperature rise and other characteristics such as regu- 
lations, stalling load, starting torque, etc., the engineer 
can more quickly complete the engineering work on a 
given design by reason of his knowledge of the results 
which are usually obtained by working to a single 
standard and by the familiarity and facility he has 
attained through the working out of many similar 
designs. If he has different limits to work to in differ- 
ent cases obviously he must employ more variables in 
his calculations. 

As an example consider that an engineer has been 
accustomed to designing a given kind of electrical 
machine for a high potential insulation test of a given 
severity and that suddenly he must design a similar 
machine of the same rating but for a higher insulation 
test. He must employ more space for insulation 
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(granting that a better kind of insulation cannot be 
obtained) and this will leave him less space for iron and 
copper. Immediately his whole design must be 
changed. 

(2) The standardization of material and parts and 
the reduction of number of varieties, leads to less and 
simpler drawings and specifications so that a given 
staff of engineers and draftsmen can deal with a much 
larger volume of business. 

(83) By the standardization of certain requirements, 
the buyer and seller become accustomed to specifying 
machines on these bases; useless or relatively unim- . 
portant tests are less likely to be demanded by the 
buyer; printed specification forms may be provided 
which simplify the labor of making up a specification 
and knowledge and familiarity with similar cases (based 
on the same standards) enable an estimate of cost to 
be made more quickly and easily. These, and many 
other considerations which will suggest themselves to 
any one investigating the matter, serve to reduce the 
cost of the preparation of specifications and making of 
tenders. 

(4) Standardization makes cataloging possible. The 
greater the degree of standardization, the greater is the 
simplicity and the usefulness of the catalogue. In- 
formation which can be brought to the customer through 
the medium of the catalogue and handbook requires 
less effort on the part of the sales force; or, conversely, 
a given sales force can deal with a larger volume of 
business. A salesman to be fully informed needs to 
carry less in his head, consequently he can handle 
more work in one special subject or a greater number of 
special subjects than would otherwise be the case. 

With the less variety of sizes of a product, the less is 
the value of the stock which has to be carried by 
various distributors and products. 

Thus, costs, associated with engineers, draftsmen, 
salesmen and some components of overhead, are, with 
modern mass production, materially decreased by 
standardization. This is in addition to the decrease 
in the strictly production costs. All together these 
combine to increase the growth and influence of the 
electrical industry which is primarily our concern. 

The first standards for electrical machinery generally 
followed by the American electrical industry were those 
prepared by the original Institute committee, and 
adopted by the Institute in June 1899. A review of the 
proceedings of each successive Committee of Standardi- 
zation since that date indicates that all of these com- 
mittees were fully aware of the flux and changes that 
were taking place in industry, and while these com- 
mittees consisted entirely of engineers—who, by nature 
and training, loved law and order and who might be 
supposed, on that account, to be ultra-conservative and 
possibly timid—they were, however, endowed with the 
spirit of progress which collectively turned their hopes 
and aspirations to the future; they saw the world of 
industry not as a still tableau but as a moving picture 
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and in consequence the accomplishments of each year 
were progressively better than the year before. 

They recognized that no standard could be final— 
since science was continually advancing and more 
effective equipment was steadily being introduced 
into industry—but they also recognized that changes 
must not be made so frequently as to unduly disturb the 
industry and only when a serviceable gain justified the 
change. 

These committees to date have taken the initiative 
in the formulation of all electrical standards of America, 
and their work has been recognized as being authorita- 
tive throughout the entire world. Their procedure 
and their resulting standards during this period of more 
than a quarter of a century have been acceptable to 
the manufacturing and consuming interests, as well as 
to the general public. The industry has learned to 


value and to depend upon the A. I. E. E. Standards 


in commercial transactions covering matters of interest 
to all sections of the electrical industry. There has 
been no attempt to dictate to the industry but standards 
on any particular line have been introduced only when it 
is clear that all interested agree that the step is wise 
and desirable. 

In the Institute Standards Committee, or in its sub- 
committees, the manufacturer and purchaser and the 
general interests came together and developed the 
required standards in a way which has been generally 
satisfactory in the past to all the interested sections of 
the industry. The electrical standards so _ issued 
always have been identified-with the name of the In- 
stitute. It is well known that the Institute as an 
organization has no interest other than one of public 
service, which duty the Institute has always performed 
at its own expense. The Institute in performing this 
service, although voluntary, has assumed obligations 
during the past 28 years to the electrical industry 
and the public which would make it now emkarrassing, 
if not impossible, to discontinue the present practise or 
lessen its responsibilities until a more simple and direct 
method has been devised and demonstrated. 

For fear that some who have not had the opportunity 
to study in an intimate way the subject of Standards 
and Standardization, may not understand what the 
terms mean—I quote from my February 7th address: 

“In this country and in Great Britain the term 
‘standardization’ has grown to mean, in the minds of 
engineers, not only a simplification in the number of 
types and sizes and the securing of interchangeability, 
but also the laying down of performance rules or codes 
for all types of apparatus, including measuring instru- 
ments, prime movers, generators, transformers and 
motors. Thus broadly the term ‘Standard’ in addition 
to being a measure of quality of standards of compari- 
son, means a common unified practise, method or dimen- 
sion, which it is to the interest of industry and the 
community to adopt Back of any policy of standardi- 
zation is primarily the purpose to furnish the public a 
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better article or to render it a better service at a lower 
cost.” 

“In 1916 the need for a National Clearing House for 
engineering standards became apparent, in order to 
prevent duplication in standardization work and in 
promulgation of conflicting standards. To formulate a 
method of cooperation, a special joint committee— 
made up of representatives from the American Institute 
of Electrical Engineers, American Institute of Mining 
Engineers, American Society of Civil Engineers, Ameri- 
can Society of Mechanical Engineers, and American 
Society for Testing of Materials—held its first meeting 
January 17, 1917. The result of this meeting and 
subsequent meetings was the organization of the 
American Engineering Standards Committee. This 
Committee initially consisted of representatives of these 
five institutions. Shortly after its organization, govern- 
ment representatives were admitted; and in 1919 the 
Constitution was broadened to permit the representa- 
tion from other national bodies. The Committee now 
includes representatives from seven departments of the 
Federal Government, nine national engineering socie- 
ties and nineteen national industrial associations. 

“The American Engineering Standards Committee, as 
at present organized, is a coordinating committee, 
and not a standards-making body. All standards are 
to be formulated and published by the respective 
societies, making the standard a function of great value 
and scope to industry. This intention isclearly expressed 
in the Constitution, and the American Engineering 
Standards Committee is primarily an administrative 
and policy-forming committee. 

“Asstated by itsSecretary, perhaps the most important 
accomplishment of the American Engineering Standards 
Committee has been the actual launching of the work, 
setting up machinery and securing the official co- 
operation of some three hundred national organizations, 
that is the fundamental job of breaking ground. 
Ninety-seven standards have been approved for the 
engineering and building trade—ten have to do with the 
electrical industry. In my opinion this is a very excel- 
lent record of accomplishments to date. The Secretary 
also states that everyone who has examined the work 
before the American Engineering Standards Committee, 
agrees that the whole movement of making American 
standards is being seriously crippled by the lack of 
adequate financial support. The total annual budget is 
$58,000. The American Institute of Electrical Engi- 
neers as such contributes to the American Engineering 
Standards Committee $1500 annually. Due to legal 
restrictions the government departments are unable to 
pay dues, and a special provision is made exempting 
them from such payments. 

“The Secretary also expresses the opinion that inertia, 
lack of interest and understanding of the standardiza- 
tion method as a whole, and of its economic relations 
to their business on the part of executives and in- 
dustrial groups, has been one of the greatest difficulties 
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encountered in the successful accomplishment of the 
committee’s work. It is now proposed, by the process 
of amendment, to make a material and fundamental 
change in the Constitution of the American Engineering 
Standards Committee This can only be done by the 
unanimous consent, notwithstanding the general pro- 
vision in the Constitution, providing for its amendment 
by a lesser vote. Such provisions only apply to in- 
cidental amendments made to carry out the purpose of 
the organization, and not to fundamental changes— 
any amendement that aims to convert the American 
Engineering Standards Committee into a standards- 
making body, or into a body that would interfere in the 
autonomy, in standardization work, of the respresenta- 
tive societies would be unconstitutional. 

“On February 9, 1926 during Dr. Pupin’s administra- 
tion, the Board of Directors authorized a brief state- 
ment of its policy to its representatives on committees, 
or on joint bodies, dealing with the formulation of 
standards; 

1. To continue to develop, publish and maintain in 
the name of the Institute electrical standards as it has 
done for the past 25 years. 

2. That in doing this work the Institute will continue 
as it has in the past to avail itself to the fullest degree 
of the assistance of others—both individuals and 
organizations—with a view to serving the interests of 
all who may be properly concerned in the work. 

3. That Standards, after having been developed by 
the Institute in accordance with 1 and 2, and adopted 
by the Board of Directors as Institute Standards, will be 

presented to the American Engineering Standards Com- 
mittee for approval by it as American Standards when, 
in the opinion of the Institute, such a step is proper. 

4. That such presentation to the American Engi- 
neering Standards Committee for their consideration for 
approval as American Standard will be done in full 
conformity with the Constitution, By-laws and Rules 
of Procedure of the American Engineering Standards 
Committee, which Committee the Institute was instru- 
mental in initiating and has continued to and does 
now endorse and support. 

5. That when and if Standards of the A. I. E. E. 
have been further advanced to the stage of being 
designated as ‘Approved as American Standard by 
the American Engineering Standards Committee,’ 
they shall continue to be printed as standards of the 
A. I. E. E. with a statement of approval by the 
American Engineering Standards Committee added to 
the title page of each particular standard.”’ 

This statement I understand to mean that the 
American Institute of Electrical Engineers is in sym- 
pathy with the American Engineering Standards 
Committee as it is now organized, but that any changes 
affecting the fundamental character of the committee 
may not be acceptable to it. 

Something over a year ago, amovement was under- 
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taken to form an International Standards Association. 
The proposed organization to have a national com- 
mittee in each country. In America, the national 
committee was to be the American Engineering Stand- 
ards Committee. As ‘t has been stated heretofore, 
its (A. E. 8. C.) principal constitutional object. is to 
supervise standardization work, but it is expressly 
stated in its constitution that it shall not formulate 
standards. There is, however, a clause in its con- 
stitution which states that one of the objects of the 
American Engineering Standards Committee shall be 
“to act as the authoritative channel of cooperation in 
international engineering standardization.” 

The Institute has subscribed to the American Engi- 
neering Standards Committee constitution. It is also 
a member of the United States National Committee of 
the International Electrotechnical Commission, which 
has been and is at present the body through which the 
electrical industry of America is conducting its inter- 
national standardization work. The Institute is thus 
faced with a conflict of obligations. The most reason- 
able course is for it to go before the American Engineer- 
ing Standards Committee with a frank statement 
of the case, and ask the American Engineering Stand- 
ards Committee for its support for the course which the 
Institute considers, to be in the best interest of the 
electrical industry of this country, at the present time. 
Under the procedure of the International Electro- 
technical Commission much of value has _ been 
accomplished in establishing international electrical 
engineering standards. ‘This field alone is a very large 
one, and it would appear unwise to abandon the present 
successful plan for the untried plan of an International 
Standards Association which does not appear to be 
based on such sound fundamental principles. The 


‘success of the International Electrotechnical Com- 


mission has been so considerable that it could well be 
duplicated in other engineering fieldssuch as mechanical, 
civil and mining fields, etc. If this were done, then we 
should, in addition to the International Electrotechnical 
Commission have an International Mechanical Com- 
mission, and International Civil Commission, ete. 
At some future time it might become desirable to tie 
these international organizations into an international 
technical commission, but it would at this time be pre- 
mature to try to decide whether this last step would be 
desirable and when it should be undertaken. 

It would appear that if the electrical industry is a unit 
in desiring to continue the International Electro- 
technical Commission, and in believing that its interests 
would be seriously endangered by going over to a new 
plan, representations to this effect should be made in 
proper form and on the proper occasion to the American 
Engineering Standards Committee. While the Inter- 
national Electrotechnical Commission recognizes that 
its field is electrical, and that the desired international 
accomplishments in that field alone constitute an 
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enormous task, it is also recognized that its 20 years of 
experience constitutes a considerable asset. The Inter- 
national Electrotechnical Commission has never taken 
advantage of this asset in a selfish way. In cases where 
in other fields of engineering, it should be desired to 
make use of the International Electrotechnical Com- 
mission’s organization and experience, either tem- 
porarily or permanently, for work in other lines, the 
International Electrotechnical Commission is prepared, 
as in certain cases in the past, to offer its facilities and 
to adapt them to include the added work. In such cases 
the International Electrotechnical Commission could 
arrange with the organization in whose field the work 
belongs for additional representatives from that organi- 
zation’s membership. If at a later time the co- 
operating organization, through the establishment 
of its own international organization, or from any other 
reason for change of policy, should decide to discontinue 
the arrangement, this without doubt should and would 
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meet with the hearty agreement of the International 
Electrotechnical Commission. 

Three open problems on standardization thus con- 
front the Institute and their importance justifies a 
prompt solution; but not a hasty one. 

First: The internal routine to be followed through 
its Committee on Standards for the handling of stand- 
ards and standardization should be revised. This 
has to do primarily with the A. I. E. E. Standards. 

Second: The present and future status of the Ameri- 
can Engineering Standards Committee should be 
determined. 

Third: The relation of the American Institute of 
Electrical Engineers to the United States National 
Committee of the International Electrotechnical 
Commission. 

These I repeat are important and vital problems and 
need, for the best interest of the Institute and the 
industry, a prompt solution. 


Electrochemistry and Electrometallurgy 


Annual Report of the Committee on Electrochemistry and 
Electrometallurgy* 


To the Board of Directors: 


The Committee on Electrochemistry and Electro- 
metallurgy makes its annual report as follows: 

About two years ago, this committee brought to the 
attention of the Standards Committee the desirability 
of revising the Institute Standards for storage batteries. 
A special working committee was then appointed to 
undertake this task and a tentative standard has been 
formulated defining the terms and conditions which 
characterize the rating and behavior of storage batteries. 
This report is now in the hands of the Standards 
Committee. It is believed that the work accomplished 
at the suggestion of this committee will be of value to 
the storage battery industry, which is an important 
unit in the electrochemical field. 

Standards for the international electrical units are 
again receiving much attention at the various national 
standardizing laboratories. These fundamental stand- 
ards which furnish a basis of measurement for 
both the physicist and the electrical engineer fall within 
the field of electrochemistry. Seventeen years have 
elapsed since the International Technical Committee 


met in Washington to carry out a joint investigation © 


on the silver voltammeter and the standard cell. At the 
conclusion of its work the value 1.0183 international 


*Committee on Electrochemistry and Electrometallurgy: 
G. W. Vinal, Chairman, y 
Lawrence Addicks, 

A. N. Anderson, 
T. C. Atchison, 
Farley G. Clark, 


Safford K. Colby, 

F. A. J. Fitzgerald, 
Walter E. Holland, 
F. A, Lidbury, 

©. G. Schluederberg, 
Presented at the Summer Convention of the A. I. E. E., Detroit, 


Mich., June 20-24, 1927. 


Magnus Unger, 

J. B. Whitehead, 

J. L. Woodbridge, 
J. L. McK. Yardley. 


volts at 20 deg. cent. was adopted for the Weston 
Normal cell, and by international agreement, this value 
became effective on January 1, 1911. The various 
countries, therefore, started out on this date with identi- 
cal values for the international volt, which, together with 
standards of resistance, served to fix the measurement 
of current, also. Since that time, the basis of reference 
has been carried forward by means of groups of standard 
cells and resistances. It is a matter of importance, 
therefore, that we should determine how accurately 
these standards have been maintained. Several new 
groups of standard cells have recently been prepared 
at the Bureau of Standards, which indicate a very close 
agreement with the Bureau’s existing basis of reference. 
The results obtained, so far, cannot be considered as 
conclusive but indicate that our standard for voltage 
has been maintained over a long period within a few 
millionths of a volt. Comparisons have also been made 
with the standards of several other countries and reason- 
ably close agreement has been found in most cases. 
The necessity still remains, however, for checking the 
standard for the international volt by means of the 
silver voltammeter and by the absolute current balance 
for the measurement of current. Progress is being made 
in absolute measurement of resistance. As pointed out 
in last year’s report, it is apparent that a considerable 
difference exists between the international ohm and 
the absolute ohm. 

In reviewing the progress during any particular year, 
it is always difficult to evaluate the definite advances 
within so limited a period. New methods, when first 
tried, are experimental and it is impossible to say 
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whether or not they constitute an advance. Develop- 
ment in electrochemistry and electrometallurgy as well 
as in other lines is necessarily gradual. It is possible, 
however, to mention certain developments which appear 
to distinguish the past year as one of considerable 
progress in this field. 

The introduction of the high-frequency furnace into 
electric steel foundries is a notable step. The high- 
frequency furnace has been regarded in the past as a 
laboratory instrument but now it is rapidly finding favor 
in the industry as a whole. 

Are furnaces have increased in size and power input 
largely as a result of the development of three-voltage 
switching. The principle of this development is based 
upon the fact that the cold charge within the furnace is 
capable of absorbing heat at a higher rate than after 
the charge has become molten. It is possible, therefore, 
to supply energy very rapidly at the beginning and 
decrease this as the charge is melted. In the final step, 
only enough energy is supplied to meet the furnace 
losses and whatever may be required for chemical 
reactions during the slagging period. It has been stated 
that nearly all of the large electric steel-melting instal- 
lations made during the past year have utilized this 
principle. 

The trend of electric furnace development, however, 
differs somewhat from that during the period of the 
World War. The economic limitations to its applica- 
tion are recognized, and the electric furnace is being 
used now in processes where quality of product is of 
importance. In this respect, it has been largely respon- 
sible for the rapid development in high grade alloys and 
tool steels. American manufacturers are still import- 
ing special steels and pure iron that should be produced 
here. According to recent reports, a great research 
campaign on steel is being instituted by one of the 
large manufacturers, 

The advance in the application of electric furnaces in 
the steel and brass industries has been pointed out in 
papers presented at the 25th Anniversary Meeting of 
the Electrochemical Society. The electric steel in- 
dustry began in this country about 1909, with a half- 
dozen furnaces producing 18,000 tons. Since then the 
number of furnaces has increased to over 500 and the 
product for 1925 was in excess of 600,000 tons. ‘The 
proportion of electrically melted metal is much greater 
in the brass industry than in the steel industry. About 
625 electric furnaces for brass melting are in use in the 
United States and Canada. It has been estimated that 
they used $3,000,000 worth of electrical energy in 1926. 
A notable saving of fuel compared with that which 
would have been used in fuel-fired furnaces was accom- 
plished. A still greater economy was achieved by 
saving over 13,000 tons of metal valued at $2,500,000, 
which would have been lost in the fuel-fired furnaces. 

Comprehensive studies of electric heating are being 
made by some power companies with a view to analyz- 
ing the load possibilities within surrounding territory. 
In connection with one of these surveys it is interesting 
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to note that a rather definite line of demarcation be- 
tween ovens and furnaces is made at the temperature 
of 1000 deg. fahr. Immersion types of electrical heating 
units are being utilized in existing fuel-fired, stereotype 
pots having capacities up to six tons. 

The use of chromium, both as an electrodeposit and in 
certain alloys, again occupies a prominent part in the 
development of electrochemical industry. The pre- 
vious predictions regarding the usefulness of chromium 
plating have been largely verified. At present, chro- 
mium plating is being applied successfully in the auto- 
mobile industry, especially on such parts as radiator 
shells, where its hardness, high luster, and freedom 
from tarnish are advantageous. It is being used on 
gages because of its extreme hardness and resistance 
to abrasion. It is also being applied to plumbing 
supplies and to a great variety of metal products where 
good appearance and durability are desirable. The 
chief obstacle to the more general adoption of chromium 
plating is the poor “throwing power’ that renders 
difficult the plating of recessed articles. Experience 
and mechanical ingenuity have frequently led, however, 
to the successful plating of rather irregular shapes. 

A chromium surface affords a valuable protection to 
steel against corrosion as well as furnishing a high 
lustrous finish. It is unique in being particularly 
resistant to the action of sulphur compounds such as 
seriously impair silvered and other polished metal 
articles. Large molds for automobile tires, stills used 
in oil refining, and plates for engraving bank notes are 
all examples of articles whose life has been greatly 
extended by the use of chromium plating. 

A method has been worked out for producing an 
exceedingly smooth chromium plating on mirror sur- 
faces. The reflecting power of chromium is not as high 
as that of silver, but may perhaps be improved by 
plating with other metals. It is probable that a high 
average reflecting power of a chromium surface can be 
maintained over a long period of time, since the chro- 
mium surface is not subject to tarnish, discoloration or 
scratching from cleaning operations. From the military 
standpoint, there is considerable advantage in a 
chromium plated mirror for search lights since such a 
mirror is free from shattering, if struck by a bullet, and 
it is better adapted to withstand the high temperature 
of the are. 

The use of chromium in iron and steel alloys has 
created widespread interest. There isa variety of these 


_alloys and the properties depend upon the composition, 


as might readily be supposed. Up to 5 per cent of 
chromium, high strength, ductility, and hardness are 
obtained in the presence of at least one other element 
as, for example, nickel. Higher percentages of chro- 
mium impart notable resistance to oxidation, even at 
high temperatures. Above 20 per cent of chromium, 
the steels have in addition to oxidation resistance a 
marked resistance to the action of nitric acid and 
nitrates. 

There have been few marked developments in the 
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process of electrodepositing other metals than chro- 
mium, but there has been an increased interest in the 
theory and mechanism of making such deposits. 
Commercial processes are being conducted more and 
more on a scientific basis and it is interesting to find that 
the application of the hydrogen electrode to the control 
of refining and plating solutions is teaching the workers 
to understand the significance of the » H values of 
their solutions and how these may be used as a guide 
in the control of their product. 

An industrial achievement during the past year has 
been the commercial development of the electro- 
deposition of rubber. Rubber is deposited anodically. 
Rubber deposits can be made quickly in forms corre- 
sponding to the shape of the anode. It is reported that 
wire can be insulated by passing it through the latex 
solution, the wire serving as the anode and the rubber 
being deposited on the wire as it passes through. The 
rubber on the wire then passes through a vulcanizer 
for the completion of the process. 

The development of power devices for use with radio 
sets has been a matter of interest and concern to battery 
manufacturers. It seems probable that the inroads of 
such devices have been more in the field of storage 
batteries than in the field of dry cells. From the 
standpoint of the power company, it is interesting to 
estimate the electrical energy consumed by the use of 
some of these devices. Recent calculations have shown 
that a device operating a radio set of five tubes and 
charging a small storage battery when the set was not 
in use for a period of approximately 18 hr. per day, 
required one kilowatt-hour in each 24 hr. Charges for 
power in this particular case were estimated at $1.80 
per month which, in view of the possible use of a large 
number of such devices, indicate a considerable revenue 
to be derived from them. 

The development of small rectifiers has been stimu- 
lated by the growth of the radio industry. The life 
and efficiency of the aluminum rectifier has been 
materially increased. The use of tantalum has been 
extended not only to the radio field but to other im- 
portant uses, as in railway signalling. So-called 
electronic rectifiers, including those having elements of 
copper oxide and copper sulphide, have become avail- 
able commercially during the past few months. Such 
rectifiers are, however, subject to the limitation of a 
relatively low voltage across each element. They have 
not been in use for a sufficiently long time to obtain 
definite data as to their life but it seems likely that 
they will become of increasing importance. Alloys 
high in silicon are also being used as valve metals in 
electrolytic rectifiers. 

The development of the Hoopes process for the pre- 
paration of a very pure aluminum, was described two 
years ago. This aluminum, which possesses somewhat 
different physical and chemical properties from those 
associated with the ordinary aluminum, is finding com- 
mercial use in collapsible tubes and also in metallurgical 
work where the aluminum may be studied unhampered 
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by the presence of detrimental impurities. Remarkable 
results in heat-treated castings of the pure metal have 
been reported. New uses for this material are still 
being sought. There has been a large increase in the 
consumption of aluminum alloys, particularly that 
known as duralumin. Among the novel uses for these 
alloys may be mentioned the manufacture of aluminum 
furniture. The attractive finishes in browns, reds, and 
greens, together with the light weight, have been im- 
portant factors in promoting the sale of this material. 

In the field of rare metals the electrolytic production 
of pure beryllium may be noted. Some investigation 
has been made of alloys of aluminum and beryllium 
but as yet there is no definite information to show 
whether these will be commercially valuable. Pure 
thorium is also being made by electrolytic methods. 
The use of thorium has arisen from its exceptional 
thermionic properties. Amounts of vanadium suffi- 
ciently large for careful experimental investigation have 
also been produced. 

The highly sensitive potassium photoelectric cell has 
largely displaced the selenium cell. The potassium cell 
possesses extreme sensitivity and responds instantly 
to a beam of light. Among the many possible appli- 
cations for such a cell may be mentioned a recently 
developed method for television. 

At the Anniversary Meeting of the American Electro- 
chemical Society, heldin Philadelphia at the close of the 
month of April, a number of interesting papers were 
presented reviewing the progress of electrochemistry 
during the 25 years since the society was founded. 
One session at this meeting was devoted to the electro- 
chemistry of concentrated solutions. A new theory is 
rapidly setting aside the old theory of Arrhenius, and 
Professor Peter Debye, of the University of Zurich, one 
of the chief exponents of this new theory, was present to 
present his views. The interest in this matter is shown 
by the fact that a similar symposium was held at almost 
the same time by the Faraday Society in England. 
Industrial engineers found papers of interest in the 
session devoted to gaseous reduction of ores. Gaseous 
reduction of iron ores, followed by electric melting of 
sponge iron, may open up a further field for 
electrothermics. 

The fall meeting of the Electrochemical Society is 
expected to take the form of a trip through the north- 
western part of the United States with stops at numer- 
ous points of electrochemical and electrometallurgical 
interest. Such a trip should result in a better under- 
standing of the work that is being done in this important 
region and at the same time focus the attention of 
electrochemists and electrical engineers on the power 
requirements and possibilities of this region. 

The committee wishes to acknowledge with thanks 
the cooperation of Dr. William Blum, Dr. Colin G. 
Fink, and Dr. H. W. Gillett, members of the Electro- 
chemical Society, who have furnished valuable infor- 
mation used in preparing this report. 

GEORGE W. VINAL, Chairman 


Abridgment of 


Starting Performance of Synchronous Motors 


Bayekivey: 


PUTMAN: 


Associate, A. I. E. E. 


Synopsis.—This paper deals with the theory underlying the 
starting performance of the salient pole synchronous motor equipped 
with damper windings. The theory, while involving some approxi- 
mations, is accurate enough for practical engineering calculations. 
Formulas are developed for the starting torque, pull-in torque and 
inrush. A method is also given for calculating the speed torque 
curve from standstill to synchronous speed. 

Due, to the fact that the damper winding is not continuous around 
the periphery and due to the presence of the single-phase field winding, 
the rotor circuit is not a perfect polyphase secondary but is 
unbalanced to some extent. In order to take care of this 
unbalance, it is necessary, in addition to the usual system of 
positively rotating vectors, to employ a second system of negatively 


rotating vectors as is done in unbalanced three-phase problems. 

The stator resistance has been disregarded in working out the 
general case of the unbalanced or partial polyphase secondary in 
order to obtain a torque formula which will be simple and at the same 
time accurate enough for practical calculations. Mr. Q. Graham 
is working on this problem and expects to present in an Institute 
paper, in the near future, the general solution including the stator 
resistance. 

The use of the double squirrel-cage type of damper winding in 
salient pole machines has been examined both theoretically and 
experimentally. Other methods of obtaining unusual starting 
performance are suggested and the results of some actual calculations 
presented. 


INTRODUCTION 
ROBABLY the earliest published work on the 
starting performance of synchronous motors 
was done by Carl J. Fechheimer in 1912. This 
was a paper of great merit and a valuable contri- 
bution to the art. Not only did it give much valuable 
experimental data concerning the synchronous motor 
but it added much to our knowledge of the calculation 
of reactance. The discussion which followed the pres- 
entation of this paper showed clearly that the syn- 
chronous motor was well understood experimentally in 
1912. Engineers knew what the motor would do under 
various conditions but the ‘‘why’”’ was often in doubt. 
The theory developed in the present paper explains 
some of the “whys.’’ Mr. Fechheimer limited his 
theoretical work to the conditions at standstill. In 
this paper the starting conditions are examined not 
only at standstill but through the whole starting period 
up to the pull-in point. 
NOTATION 
The following notation will be used throughout the 
paper. The subscript » used with a vector quantity 
denotes that the vector belongs to the positive system 
of vectors, while the subscript n denotes that the vector 
belongs to the negative system. For instance: 
E;, = Induced voltage, positively rotating. 
E;, = Induced voltage, negatively rotating. 
In a similar manner the subscripts pand n may appear 
with any of the vectors. 


E, = Impressed voltage, 

ZI, = Stator current, 

Ioo = Magnetizing current, 

I, = Rotor current, 

I, = Rotor bar current, 

I; = Rotor current in the field winding, 


I onn = Negatively rotating rotor current due to E;,,;: 


1. Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 

2. Trans. A. 1. EB. H., 1912, Vol. 31, Part I, p. 529. 

Presented at the Winter Convention of the A. I. E. E., New 
York, N. Y., February 7-11, 1927. Complete copies are available 
upon request. 


(The subscript 2 indicates rotor current. The 
first subscript n indicates that the vector is a 
negatively rotating vector. The last subscript 
n indicates that the current is produced by the 
negatively rotating induced voltage E’;,.) 
Similarly 
Ionp = Negatively rotating rotor current due to E;,, 
I2,, = Positively rotating rotor current due to F;;,, 


Ix, = Positively rotating rotor current due to Ein, 
y) = %2 + j To8) 
Ve Sis Dre 
a = Half the depth of double squirrel-cage damper 
bar (App. I), 
b = Width of double squirrel-cage damper bar 
(App. II), 
B =1/2%1 + Doo, 
boo = Magnetizing admittance, 
f = Frequency in cycles per second, 
j= ~-—1, indicates the imaginary term in vector 
expressions, 
; Rava sin 0 ‘ 
= Ratio oar eT (see equation (14)), 
K, = Value of K corrected for effect of closed field 
circuit, 
4a p 
Ke = Haid (App. IJ) 
d 
= Operator Sac, and denotes differentiation with 
respect to time (App. II), 
fr, = Stator resistance, 
r2 = Rotor resistance, 
r, = Rotor bar resistance, 
Tos = T./ ne 
ry = Field circuit resistance, 
Tr, = 1,/S, } 
fo. Slat eo, 
5 = Slip, 
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t = Time in seconds, The sum of these two rotating vectors is 
T, = Motor torque due to positively rotating flux 2cos wt (3) 


and positively rotating rotor current, 
v = Ratio Z,,./Z,., 


x; = Stator reactance, 
22 = Rotor reactance, 
x, = Rotor bar reactance, 
x; = Field winding reactance, 
% =%+ kX, 
2 =V/142B8B%,+ 32°22 
Z. = Rotor impedance = vr? + S? x,? 
Loe = V To + 22? 
Los = V Toe? + Xe? 
Le = V8 + 27 
2 =vVret+ Xo", 
Z, = Stator impedance = V/r2+ 22, 
@ = Bar span in electrical radians (Part I), 
x 
@ = tan z ° + a = phase angle of rotor circuit 
bs 
with field closed (Part IV), 
es v COS 
et pin g’ 
= fan! it + tan be 

e t (Pas < Ly 3 
@2 = Mem f. (Part 1), 
@ = Self-inductive flux (App. II), 
w = Angular velocity in radians per sec., 
o = Specific resistance of material used in double 

squirrel-cage damper bar (Abohms percu.cm.). 

Part I. Theory of the Partial Polyphase 


Rotor Circuit 
The expression, 
cos wt + 7sin wt (1) 
represents a vector of unit length rotating forward in 
the positive direction with angular velocity w and start- 


a 


> cos wt 


(9) 
| 
| 
| 
| 
| 
| 
| 
| 
I 
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1—M. M. F. Propucrep By ASINGLE Coin, PULSATING IN 
Timr, UNDIRECTIONAL IN SPACE 


Fia. 


ing at the zero position at the instant of counting time. 
Similarly, 
cos wt—Jjsinwt (2) 
represents a vector rotating backwards or in the nega- 
tive direction with angular velocity w. 


which is simply a pulsating quantity in one direction 
in space. 

If, now, equation (3) represents the m. m. f. due toa 
single-phase winding, it follows from the above that this 
m. m. f., which is unidirectional in space and pulsating 
in time, can be represented by, or split up into, two 
vectors constant in time but rotating in space, one 


| 
| 
| 
| ba 
¢ ue 
2 (cos wt+j sinwt]=P.R.V. 
| $ feoswt-j sinwt]=N.R.V. 
le 
| 
| 
| 


Fig. 2—M.M.F. Propucenp sy a SINGLE Coin, REsotveD Into 


Two RoratTinec VECTORS 


rotating in the positive direction and the other in the 
negative direction. 

As an example of the above, let the field produced by 
a coil a — a, Fig. 1, be @ cos wt. 

In Fig. 2 the equivalent rotating vectors are shown. 


® 
3,4 [cos wt +7 sin w t] = positively rotating vector. 


© ee 
—> [cos wt— jg sin wt] = 


2, 
It should be noted that the length of each rotating 


negatively rotating vector. 


Ca 
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Fie. 3—M.M.F. Propucrep sy Two Corns SEPARATED BY 


ANGLE 8, Rusotvep Into Two Rotating VEcTORS 


vector is only half the maximum value of the stationary 
vector. In Fig. 1, when ¢t = 0, cos wt is maximum 
and the current in the coil is, therefore, a maximum. 
In Fig. 2, then, time is counted from the instant the 
current in the coil is maximum, and at this instant it 
should be particularly noted that the positively rotating 
vector and negatively rotating vector are together in 
space. 
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THE PARTIAL POLYPHASE SECONDARY PRODUCED BY 
DAMPER BARS IN THE POLE FACE 


Consider now the m. m. f. produced by two coils or 
pairs of bars shown in Fig. 8, as No. 1 and No. 2. Let 
time be counted from the instant the current in coil 
No. 1 isa maximum. Let the current in coil No. 2 lag 
behind that of No. 1 by an angle 8 equal to the space 
angle between the coils, as this would be the case with 
damper bars. 

The m. m. f. due to coil No. 1 is 


t 
me [cos wt +7 sin w tj = positively rotating vector 


9? [cos wt— J sin w tj = negatively rotating vector 


(4) 

To find the m.m.f. due to No. 2 coil, proceed as 

follows: Assume temporarily that the current in No. 2 

is in time phase with that in No.1. On this assumption 
the rotating vectors would be 


1 
9 ® {cos (wt + 8) +7 sin (wt + 8) } 


= positively rotating vector 


qt (5) 
Beisel mist sero 


= negatively rotating vector 

But the current in No. 2 lags behind that in No. 1 by an 

angle 8. Hence it is necessary to substitute (w t— 8) 

for wtin (5). This gives for the rotating vectors for 
coil No. 2 under the conditions specified above: 


1 
@ ® {cos wt+ jsin wt} 


= positively rotating vector 
1 (6) 


2° {cos (wt— 28) —Jjsin (wt— 26)} 


= negatively rotating vector. 

It should be noted that the positively rotating vectors 
for both coils No. 1 and No. 2 are in phase with each 
other. The negatively rotating vectors are, however, 
out of phase by an angle 2 £. 

To get the combined m. m. f. due‘to both coils No. 1 
and No. 2 it is only necessary to add equations (4) and 
(6) together. 

This gives: 

Positively rotating vector = @ (cos wt + 7 sin w f) 
Negatively rotating vector = ® cos B {cos (wt — B) 
— 7 sin (wt— £B) } 
; (7) 

It is seen that the negatively rotating vector has been 
shortened by cos @ factor. This is due to the fact that 
the two coils constitute a partial or imperfect polyphase 
field. For a perfect polyphase field the negatively 
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rotating vector would disappear entirely. The posi- 
tively rotating vector and negatively rotating vector 
are not together in space when t = 0. This is because 
time was counted from the instant the current in coil 
No. 1 was maximum. If, now, time had been counted 
from the instant the current in coil No. 2 was maximum, 
the rotating vectors would have been: 
Positively rotating vector = ® (cos wt +7 sin w ft) 
Negatively rotating vector = ® cos B {cos (wt + 8) 
—jsin (wt + B)} 
(8) 
The phase angle of the negatively rotating vector 
thus depends upon the instant from which time is 
counted. 
Consider, now, the m. m. f. produced by a number 
of coils uniformly distributed over an arc or angle 0, 


Figs4.. Thus: 
Let 
AB = angle between coils 
¢’ =m.m.f. per radian periphery. The m.m.f. 


of each coil is then & A ®@ and there are 


AB = n coils. 


Count time from the instant the current in coil No. 1 


Fig. 4—M.M.F. Propucep sy a Number or Corts Dis- 


TRIBUTED OvER ANGLE 6 T0 THE Lert or Coin No. 1 


is maximum. Since the positively rotating vectors 


: ‘ ®A 
are all in phase and each has a magnitude of se , 
dth aaa 
an ere are ~ B cous, the 
te ® 6 ae 
positively rotating vector = wy, (cos wt + 7 sin w ft) 
(9) 


The negatively rotating vectors are all out of phase 
and the sum of them is: 
Negatively rotating vector 


PA (ep bermnd 
= s- xX cos wt + cos (wt— 2 AB) 


n terms | 


+cos(wt-4A6)+...-j Dd sinwt 


+sin(wt—-2A8)+sin(wt-4Ae)+... | (10) 


cos |wt— 2 (r— 1) AB} 


SSM cn ies i ie el Ae | 


r=! 


(11) 


Now let AB>0 and n> o 
The 4’s then become integrals as follows: 
Negatively rotating vector 


@ Ngee x=0 
eg | Fie (ot-22)d2—j fin wean de | 
va x =0 


(12) 


® 
= 9 Sin 0 [cos (wt— @) —jsin (wt— 6) ] (13) 
which is the negatively rotating field. 
The ratio of the magnitude of the negative field to 
that of the positive field is from (9) and (13), 
Negatively rotating vector 


Rati K set 
2 Positively rotating vector =—~S—s—“‘i«sSYs 


(14) 


K is really a measure of the single-phase action in 


the rotor. It shows how nearly the rotor circuit 
1.00 = 
0.90 | 7 
- Sing 
0.80 Ke = 
0.70 : 
6= Bar Spanin | 
o6ot pa Electrical Pasian | 
x 0,50 
040; 
0.30 
0.20 | 3 
0.10 
0 _— Nal 
0 0.50 1,00 1.50 2.00 250 3.00 3.50 
a) 
Fig. 5—Curve SHOWING VALUES OF K AS FUNCTION OF THE 


Damper Bar Span. K 1s A MEASURE OF THE SINGLE-PHASE 
Action PRODUCED BY THE DAMPER WINDING 


approaches the perfect polyphase condition. If, in 
equation (14), @ is put equal to zero for the case of the 


Lim sin 6 
AUS eae team hee 


single-phase rotor, K = 1, since 


that the negatively rotating field is equal to the posi- 
tively rotating field which is correct for the single- 
phase rotor. But if in (14) @ is made equal to 7 
corresponding to a damper winding which is continuous 
around the periphery as in a squirrel-cage induction 
motor, then K = 0, and there is no negatively rotating 
field. Fig. 5 shows a curve which gives values of K 
corresponding to different values of the bar span 0. 

It should be noted that the magnitude of the positive 
field is always equal to 14 the m.m. f. in the whole 
winding, assuming all currents in phase. 

It can be shown in a similar manner that for a group 
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of coils as shown in Fig. 6 covering an angle to the right 
of coil No. 1 (instead of to the left as in the previous 
case) that the vectors are: 
Positively rotating vector 


® 
= “9 [cos wt +jsin wf] (15) 
Negatively rotating vector 

® sin 0 wae 
se [cos (wt + 6) —Jsin(wt+ 6)] (16) 


2 


Here again time was counted from the instant the 
current in coil No. 1, Fig. 6, was maximum. 


Fic. 6—M.M.F. Propucep sy A NumsBer or Corts Dis- 


TRIBUTED Over ANGLE @ TO THE Ricut oF Corn No. 1 


Combining the results of Figs. 4 and 6 gives the 
m.m.f. for the arrangement of coils shown in Fig. 7, 
time being counted from the instant the current is 
maximum in coil No. 1, which is the middle coil of the 
group. 

The angle or are covered by the winding is in this 


© | e) 
P54 40° 


7—M. M. F. or a SYMMETRICAL ARRANGEMENT OF COILS 


Fie. 


case y = 20. To get the positively rotating vector it 
is only necessary to add (9) and (15) 


Positively rotating vector = & @ [cos wt + Jj sin w ¢] 
(17) 

To get the negatively rotating vector add equations 

(13) and (16) which gives: 

Negatively rotating vector 


® 
= —9 Sin @ {cos (wt— @) + cos (wt + 8) 
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—j [sin (wt— 0) + sin (wt + 6)]} 


= @sin 6 cos 6 [cos wt—J sin wt] (18) 
Substituting 2 6 = y in (17) and (18) gives 
Positively rotating vector 
oy eas 
Bao [cos wt + 7 sin w Z| 
Negatively rotating vector (19) 


Dame ae: 
= —9 sin ¥ [cos wt—7sin wt] 


Hence it is seen that if time is counted from the 
instant that the current is maximum in the middle of the 
belt of conductors, the positively rotating vector and 
negatively rotating vector are in phase with each other; 
that is, they are together in space. Or, more generally, 
it may be stated that regardless of the instant from 
which time is counted, the positively rotating vector 
and negatively rotating vector are together in space at 
the instant the current is maximum in the middle bar 
in the pole face. 


Part Il. Construction of the Vector 
Diagram of a Synchronous Motor With 
Partial Polyphase Rotor Circuit 


It is well known, of course, that the ordinary vector 
diagram of a polyphase induction motor represents not 
only the time relation of the various quantities but the 
actual space relation in the machine as well. The same 
will be true of the vector diagram of a motor with a 
partial polyphase rotor circuit. It will be found con- 
venient to represent by the vector for the rotor bar 
current the current in the bar in the middle of the pole. 


“4 


Fig. 8—Dt1aGRaM SHOWING SIMPLE PosITIVE AND NEGATIVE 


Rovratine SySTEMSs 


RELATION BETWEEN NEGATIVELY ROTATING SYSTEM 
AND POSITIVELY ROTATING SYSTEM 


It has been shown above that if, due to a positively 
rotating sine wave of flux in the gap, there is induced a 
voltage in each of the rotor bars which causes a sine 
wave of current to flow in each of the bars, the resultant 
m.m.f. may be represented by two rotating vectors, 
one rotating positively and the other negatively. In 
Fig. 8, let e; be the voltage induced in each of the bars. 

Two current vectors are produced, the positively 
rotating vector which is J2, and lags behind the induced 
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voltage by angle 0, the phase angle of the damper bar 
circuit, and the negatively rotating vector which is Io, 
and which lies along the reflection of J2, about the y 
axis. Now, how does one know for sure the position 
of I2,? It has been shown very clearly that J., must 
be so located that J., and I, will come together in 
space at the instant the current in the middle bar of 
the pole is maximum. Since the projection of any of 


y 


Fig. ILLUSTRATING THE PRINCIPLE OF 


REFLECTION 


9— DIAGRAM 


the vectors on the y axis as they rotate gives their 
instantaneous values in time, this will occur when Io, 
comes in line with the y axis. Since I2, is rotating 
negatively, it will come in line with the y axis at the 
same time as does J,,. Hence, it is seen that by making 
I., lie along the reflection of I., about the y axis, the 
condition that the positively rotating vector and 
negatively rotating vector shall be together in space 
at the instant the current is maximum, is fulfilled. 


PRINCIPLE OF REFLECTION OF THE NEGATIVE SYSTEM 

It is evident that the conventional system of vector 
notation cannot be applied directly to the condition 
existing in Fig. 8. In fact, it cannot be applied to a 
vector diagram in which there are vectors rotating in 
opposite directions, so that, for the purpose of mathe- 
matical analysis it is necessary to construct the dia- 
gram in such a manner that the actual vectors in the 
diagram rotate in the positive direction. Such a dia- 
gram is shown in Fig. 9. 

This diagram is obtained from that in Fig. 8, by 
applying the principle of reflection which may be 
stated as follows: If the negative system of vectors 
(in this case only the single vector J>,, Fig. 8) be 
reflected about the y axis and made to rotate positively, 
the instantaneous values of the quantities represented 
by the vectors of the negative system remain unchanged. 
In other words, if in Fig. 9 J2, rotates positively, it 
produces the same projections on the y axis (which 
projections are the instantaneous values) as does Ian 
in Fig. 8 when rotating negatively. Now, the diagram 
in Fig. 9 has the advantage that it lends itself to 
analysis by regular vector equations. It has the 
disadvantage that it is a time diagram only and does 
not represent the space relations in the machine as 
does the diagram in Fig. 8. Either diagram can, of 
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course, be obtained from the other by simply reflecting 
the negative system. 


VECTOR DIAGRAM OF SYNCHRONOUS MOoTOR WITH 
PARTIAL POLYPHASE ROTOR CIRCUIT IN Fia. 10 


Fig. 10 gives the complete vector diagram of a motor. 
It is of the same type as Fig. 8, giving space as well as 
time relations. It is similar to the ordinary diagram of 
an induction motor except more complicated because 
of the negative system. All dotted vectors are actually 
rotating negatively in this diagram. 

In the machine there are two fluxes in the gap, one 
rotating positively, the other negatively. The positive 
flux generates a positive induced voltage H;, in the 
damper bars.’ This, as has been described, produces 
two current vectors: I2,,4 which is the positively 
rotating vector and I>,, which is the negatively rotating 
vector and which lies along the reflection of I.,, about 
the y axis. 


In a similar manner the negatively rotating flux 


SN 
Lapp 


Fig. 10—Moror Vecror Disacram at STANDSTILL WITH 


ParTIAL PotypHAse Rotor Circuit 


Dotted lines represent negatively rotating vectors. 


_ generates a negative induced voltage EH,, in the damper 
bars which again sets up two current vectors. The 
larger of these in this case is the negatively rotating 
vector which is J:,, and lags behind E;, by the phase 
angle of the damper bars. The other is J2,, which is 
the positively rotating vector and lies along the reflec- 
tion of Ion, about the y axis. 


The total positive m. m. f. in the rotor is represented 
by I:, and is the sum of J2,, and Iz), Similarly, the 
total negative m. m. f. in the rotor is J2, and is the sum 
Of Lonn and Tony. 

The positive m.m.f. in the stator is the sum of 


3. It is easier, in describing the diagram, to forget about the 
field winding. Its effect is discussed later. The diagram is 
perfectly general, applying to any machine with a partial 
polyphase rotor of any type. 

4. Iopp is read as follows: Secondary current positively 
rotating produced by the positively rotating induced voltage. 
The 2 means secondary. The first p means positively rotating 
and the last p means due to the positive induced voltage. 
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— I,,and the magnetizing current Io,,5 which produces 
the positive flux in the gap. Similarly, the negative 
m. m. f. in the stator is the sum of — J;, and the nega- 
tive magnetizing current Io, which produces the 
negative flux in the gap. 

The impressed voltage on the motor is the sum of 
— H;,and the J;, Z: drop. Since there is no negatively 
rotating impressed voltage (if the phases are balanced 
as assumed) the negative induced voltage Hi, is equal 
to the J;, Z; drop, as shown in the diagram. 


Part Ill. Vector Equations—Derivation of 
the Torque Formula 


In writing these equations the stator resistance will 
be disregarded. This leads to many simplifications 
which are impossible if it is included. 

The positive secondary current is 


Toy a 1 “fe doen (20) 
or 

I Bip K Bin 21 

4 2p Uije ail Ys ( ) 


negatively rotating vector 


where K is the ratio of the = : 
positively rotating vector 


given by equation (14). 


Magnitude of I2,, Magnitude of Ionp 


BOE oe Magnitude of Iin. Magnitude of 1 
or 
E; se K E in c 
pee a re (Tos — J Xo) (22) 
if) 
where ro, = Fee and Z2,” = x? + 12,” 


The positive magnetizing current is 


A E ip 
Toop =) Boo 2 Cae 


The S enters in the denominator because E’';, was taken 
as the voltage induced in the rotor bars, not in the 
stator. 

Tip = — Tap + Loop 
or 


—_ Ein 3 K Bin : 
Iip= SEAS [Tos — J (2 + Boo Ze.”) "97,2 (Tos — j 22) 


(23) 
5. It is, of course, not entirely correct to represent the 
magnetizing current by a simple vector on account of the non- 
uniformity of the air-gap in a synchronous motor. To take care 
of this correctly would probably involve the introduction of 
harmonics of higher order than fundamental. The error is 
probably not large, although it is a fact that the magnetizing 
admittance in a synchronous machine is large, the exciting 
current usually being greater than the normal full load current 
of the machine. Possibly this point is worthy of further study 
and investigation. 


800 
. —E iy vy a 
Ip Z71 =I Lip M1 = SZ2 [x2 + boo Za” +9 Yas] 
K Hin v1 | , 
=e ws Z, , (Xo -- 4} Toe) (24) 
but 
Ey a Gs an Ia Zi 
or 
= Hin Xi Sane K Bin X1 ; 
Bo=—97,2- [to+B Zo?+J rel-—9 72 (to+J Tes) 
(25) 
where 
B (— bo» ) 
= ie + 000 
Similarly for the negative current, 
Ein ee is Lisp . 
Lon = aa (T2s — J &2) (26) 
The negative magnetizing current is 
4 (=) 1 a, Ein 
Loox = J 900 5 Hin (DS SRT) ae 00 CZ) 


To understand this equation clearly it must be 


J11—Moror Vector Diagram at SranpsTint, ALL 


Vectors RorTatine PosirivELy IN THE DIAGRAM 


Fia. 


Vector equations are based on this diagram. 


remembered that this magnetizing current is assumed) to 
flow in the stator®; that the magnetizing admittance is 


6. This assumption is not necessary. The point of view 
could be taken that the negative magnetizing current flows in 
the rotor and precisely the same result reached. Actually, the 
negative magnetizing current does flow in the rotor bars as can 
be seen from either diagram, Fig. 10 or Fig. 11. It will be noted 
that Jo, is larger than J1,, which simply means that since the 
negative m. m. f. in the rotor is greater than that in the stator, 
it must supply the magnetization. Of course, just the opposite 
is true of the positive m. m. fs. 1, is always greater than J 2 so 
that the positive magnetizing current is carried in the stator. 
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inversely proportional to the frequency; and that Doo 
is given per unit volt in the stator while H;, is the 
voltage generated in the rotor bars. Since the negative 
flux actually moves backward on the rotor at a speed S, 
while the rotor moves forward at a speed (1—S), 
the negative flux really cuts the stator at a frequency of 
(2 S — 1), while it cuts the rotor bars at a frequency S. 
The exciting admittance in the stator for this negative 


flux is then 
tw (sez) 
or Ns ose 
since it is inversely proportional to the frequency and 
: : : 2S-1 
the voltage induced in the stator is pfs ) Eh ens 
The stator negative current is 
din a7 Lon ais Loon 
or 
if a — Bin 0 b Z, 2 K Kix ° 
fin — S20 [ros — J (42 + 00 42s yJ- S72 ee 2 
(28) 


Tin Z1 = J Int (25 — 1) 


— Bin (2S — 1) 7 
= (Le a Doo Zag = Wi Tos) 


S Zoe 
KE, eS) 
= Tey. eee + J Ts) (29) 
But 
(2S — 1) 
De 00m Ein ea , (30) 


Equating (29) and (30), reducing and solving for H;. 
gives: 


Vv 
Lio ee SCO 


in ‘eV 4 Bae (31) 


where 
Via=aet+jris 


Substituting (31) in (25) and putting 22 + jr, = V 
gives: 


— Bin ty [ 


(Ue + BZ,2)2— K? V2 ] 
S Za." 


ee V+ B22 


(32) 
In Appendix I, it is shown that the numerical value 
of the bracket is: 


Zo 
@ 


We =?) = (2 KB rs.) (33) 


where 
2=V714+2B%24+2B'° 2,2 
Substituting (33) for the bracket in (32) and making 


EH, zero vector, (32) may be solved for the positive 
induced voltage. 
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Esp hh Hig Zask 
S ty V (2— K)2— (2K Bri,)? 


(34) 


The positive torque which is due to the positive flux in 
the gap reacting on the positive current in therotorbarsis 


Exp 
es ~g X real part of Lc (35) 


From (31) 


eae | 
V4 B+2. 
Substituting (36) in (22) gives: 
Ein TV 1 — K*) + B22 
Top a 2 [ V 9 
sy Zine f + B Los 


Bip + K Ex = Bo| (36) 


]ou-s2) @7 


Now, the rationalizing factor in the denominator is 
te + BZ? — J 12s, so that the problem of finding the 
real part of J., resolves itself into that of finding the 
real part of 
(t2 + BL22— J Tos) [2 + BZo2 + het 

— K? (%. +9 12s) |] (Tee — j %2) (38) 
Multiplying this out and reducing the real part is 
found to be 
Zoe? To, [2 — K?(1+2B 2x2) ] 
The real part of J., is, therefore, 
Esp Tos 


I, (real:part only) = SZiee 


(39) 


[2 — K?(1+2B2,)] 


Substituting in (35) gives the positive torque, 


7 Ein j 2s 

1, = ( 3 ) Z.22 [2—- K?(1+2B2,) ] (41) 
Substituting (34) in (41) and reducing gives, 

es EY? [ (2 = K?) —2K*B Lo] 42 
a xr? Mes [ CZ = K?)2 + (CB B K 1 | ( ) 


In this formula, 
al. + 2B te ae B? Z,,? 
and 1: 
B= ie =e Boo 


This is the torque of the motor produced by the 
positively rotating flux in the gap and by the positive 
current in the rotor bars. On the assumption of no 
stator resistance this is the total motor torque, since if 
there is no stator resistance there is no component of 
I,,, in phase with H;,. (See vector diagram Fig. 10). 
In other words, there is no current in time phase with 


the negatively rotating flux in the gap, so there can be 


no torque due to this flux. 
If in (42) K is put equal to 1 for the case of a single 
phase rotor circuit, the torque is 


128 
r 02 | B Toe" + (Z + B x2)? \ 


iy (43) 
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By differentiating this expression with respect to 
slip, it is easily seen that maximum torque occurs at 


tae eee a 


and the maximum torque is 


~ 


9) 


Lopes sai B x2 (2 Ee B x2) 


(45) 


Formulas (44) and (45) are useful in studying the con- 
ditions at pull-in as will be seen later. 

By substituting the numerical values of the several 
constants of the machine in equation (42) for different 
values of slip, a speed torque curve could be made for 
the case of open field circuit. This is of little practical 
value as machines are almost never started with the 
field open and even if they are started with the field 
open, it is usually closed before the motor reaches the 
pull-in point. This is necessary because a motor has 
very little pull-in torque with open field. Hence, it is . 
necessary, before one can make a speed torque curve 
with closed field circuit, to study the effect of closing the 
field circuit on the other constants of the machine. 

The balance of the paper, which is too long for 
JOURNAL publication, consists of Part IV, The Effect 
of Field Winding on the Characteristics of the Rotor 
Circuit; Part V, The Speed-Torque Curve—Pull-in 
Torque and Inrush; Part VI, Characteristics of Double 
Squirrel-Cage Windings in Salient Pole Synchronous 
Motors; and Part VII, Possibilities of External Damper 
Bar Circuit. There are two appendixes, the first 
deducing the numerical value of the vector equations 
derived in Part III, and the second, on Resistance and 
Reactance of an Inverted T- or L-Shaped Damper Bar. 

Complete copies of the paper are available in pam- © 
phlet form, and will be furnished free of charge to 
anyone interested, on request. 


HUGE RADIO TUBE IS BUILT LIKE A 
BRIDGE 


Real horse power, and a good deal of it, is required 
for radio broadcasting nowadays. One of the largest 
vacuum power tubes used by a sending station,— 
rated at 100 kilowatts—is 71% ft. high and thicker 
than a man’s arm. The grid alone is 3 ft. 5 in. long 
and is supported within its glass housing and tubular 
copper envelope by bracing resembling that of a steel 
bridge. To heat the filament requires 11 h.p. of 
electrical energy. The high-frequency output of the 
gigantic tube is enough to light 2500 lamps of 40-watt 
capacity. Such a huge tube, when in operation, is 
cooled by a water jacket.—Elec. Dev., 6-5-27. 


A 21.000-Kv-A. Automation eet 


BY D. W. ELLYSON: 


Member, A. I. E. E. 


Synopsis.—The present practise in the design of distribution 
substations shows a tendency towards the more extensive use of 
automatically controlled equipment to replace the older manually- 
operated type. This paper is of interest therefore as an example of 
the type of equipment used by one company, and also for some of the 
reasons why this type was decided upon. The paper includes a 


summary of the apparatus and control equipment, general scheme 
of operation, together with floor plans of the building, one-line 
diagrams illustrating the operation, and a view of a portion of the 
single-phase regulator equipment. It also includes a summary 
showing the total kv-a. capacity of apparatus that is automatically 
controlled. 


INTRODUCTION 

HE subject of automatically controlled equipment 
T is becoming of greater interest each year, due not 
only to the success obtained in the operation of 
many such equipments, but also to the better designed 
and built equipment that may be purchased at the 
present time. This company has had an extensive and 
varied experience with automatically controlled equip- 
ment, both d-c. and a-c. systems. It is operating an 
entire Edison, three-wire system with automatically 
controlled equipment and without the use of a standby 
storage battery, a number of city stations with 18,200- 
volt incoming feeders and 2300/4400-volt outgoing 
circuits, and also some outdoor transformer substations 
with reclosing oil circuit breakers. Many different 
types of equipment are in use, and they have all opera- 

ted successfully. 

The chief element of interest in the substation de- 
scribed in the following article is in this company’s 
method of handling the 2300/4400-volt load, and the 
automatic features required to take care of these con- 
ditions. The 2300/4400-volt bus is so arranged that, 
by means of bus tie oil circuit breakers, it can be 
handled as one, two or three sections, depending upon 
the station load. A separate transformer bank is 
used to feed each section of the bus, so that in case of 
light load the three sections are tied together and fed 
from one bank, while as the load increases a second bank 
_is cut in and the bus split into two sections, and upon 
still further increase in load, the third bank is cut in 
and the bus is split into three sections. As the load 
decreases the busses are tied together and the trans- 
former banks are cut out. By splitting the busses, the 
amount of power that can be fed from the power house 
into a fault in or beyond the substation is limited. 

The method of operation of this station has proven so 
successful that it was decided to use a similar scheme for 
controlling the last two manually operated substations, 
and this equipment is being installed at the present 
time. Upon the completion of this work, the entire 
2300 /4400-volt city load will be handled by automati- 
cally controlled equipment, and Kansas City will then 
be truly automatic. 


1. Kansas City Power & Light Co., Kansas City, Mo. 


Presented at the Regional Meeting of District No. 7, of the 
A.J. #H. E., Kansas City, Mo., March 17-18, 1927. 


Modern practise in the design of automatic 
substations for serving residential districts is ex- 
emplified in the 21,000-kv-a. substation of the Kan- 
sas City Power & Light Company. This station, 
known as Substation E, is located at 3lst & Cherry 
Streets, Kansas City, Missouri, and furnishes 2540/ 
4400Y-volt, three-phase, four-wire power for a residen- 
tial district, with comparatively little motor load. 

When first installed, the power was supplied chiefly 
to private homes, there being comparatively few 
apartments and stores. In recent years there have been 
a great number of apartments and hotels and a con- 
siderable number of stores built in this district, so that 
the load has become heavily concentrated. 

During the winter of 1922 and 1923 the load reached 
a value where it was necessary to consider either in- 
creasing the capacity of the present substation or 
building a new substation in some other locality to take 
care of part of the load. It was finally decided to 
increase the capacity of the existing station, as it was 
felt that the additional expense that would be required 
for a new station was unwarranted. 

After this decision had been reached, the question 
arose as to whether the station should be left manually 
operated or whether it should be equipped with auto- 
matic control. In determining the type of control, a 
comparison of the interest and depreciation of the 
increased cost of the automatic control was checked 
against the cost of the station operators and the reliabil- 
ity of service was considered also. From a standpoint 
of cost, the automatic control proved more economical 
than the manually operated, and from the success which 
the company obtained from two other automatically 
controlled substations that had been in service since the 
middle of 1922, it was decided that better service would 
be rendered to the customer with the automatically 
controlled than with the manually operated substation. 

Order was placed, therefore, for an additional 
transformer bank and for automatic equipment to 
control both the high- and low-voltage transformer oil 
circuit breakers and the outgoing 2540/4400Y, three- 
phase, four-wire circuits. 


STATION EQUIPMENT 


There are four transformer banks as follows: 
Line I 1—%7500-kv-a., three-phase, 60-cycle, 13,200- 
volt transformer. 
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Line II 1—7500-kv-a., three-phase, 60-cycle, 13,200- 
volt transformer. 

Line IIT. 2—3000-kv-a., three-phase, 60-cycle, 13,200- 
volt transformers. 

Line IV 2—8000-kv-a., three-phase, 60-cycle, 13,200- 
volt transformers. 


““DISTRIBUTION CIRCUITS” 


20—200-ampere, 2540/4400Y-volt, three- 
phase, four-wire outgoing circuits, or a total 

of 60 single-phase circuits. 
1—200-ampere, 2540/4400Y-volt, — three- 
phase, four-wire, street lighting circuit, 

total of three single-phase. 
1—200-ampere, 2540/4400Y-volt, —three- 
phase, four-wire, transfer circuit, total of 

three single-phase. 

Fig. 1 is a plan of the first floor, showing the location 
of the three 2540/4400-volt busses and the 4400-volt 
oil circuit breakers. It will be noted that the trans- 
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Fig. 1—First Froor Puan or Automatic Susstation ‘Eh’, 
Kansas City Power & Licgut Co. 


formers are installed out of doors. Fig. 2 is the second 
floor plan, showing location of the 13,200-volt breakers, 
single-phase regulators and switchboard panels. Fig. 3 
shows the method of installing the single-phase induc- 
tion regulators with concrete barriers, and some of the 
panels for the reclosing oil circuit breaker equipment. 


AUTOMATIC EQUIPMENT FOR SWITCHING TRANSFORMERS 

Fig. 4 is a single-line diagram of the incoming 13,200- 
volt feeders, transformer banks, high- and low-voltage 
oil circuit breakers, and the 2540/4400Y-volt, busses. 

Lines I, II, III, refer to the three 13,200-volt incoming 
_ feeders and their transformer banks, and are the normal 
operating lines. Line IV and its transformer is used 
for emergency service only to take the place of a cable 
or transformer bank that has failed or is out of service. 

It is also to be noted that the transformers are 
connected in parallel on the low-voltage side only 
during the time necessary to perform the proper switch- 
ing to take care of the change in operating conditions. 
In other words the 4400/2540-volt bus is operated in 
one, two, or three sections, depending upon whether 
one, two, or three transformers are in service. 
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When there is a change in operating conditions, a 
system of relays operate and start a motor driven master 
switch to rotating, which in turn makes a series of con- 
tacts in the proper order to close or open the necessary 
oil circuit breakers. 

The general scheme of operation is that there are 
three normal (Lines I, II & III) and one emergency 
(Line IV), 13,200-volt, three-phase, 60-cycle incoming 
feeders, each feeding a separate bank of transformers. 
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Fic. 2—Srconp Fioor Puan or Automatic SuBsTaTION ‘‘K’’, 
Kansas City Power & Ligut Co. 


Lines I, II & III, with their corresponding trans- 
former banks, are used for normal operation, the number 
of transformers cut into service being dependent upon 
the load demand. Line IV and its transformer bank is 
used for emergency service to take the place of one or 
more normal lines (or transformer banks) that are in 
trouble or out of service. 


NORMAL OPERATION 


Fig. 4 (Nos. 1, 2 & 8) show the three normal operating 
conditions as follows: 
1. Light Load.—One transformer only required. 


Frag. 3—SEctTIoN or SINGLE-PHASE REGULATORS AND PANEL FOR 
Recuosine Ort Crrecurir Breaker HQUIPMENT 


The three sections of the 2540/4400-volt bus are tied 
together and fed by Line I. 

2. Increased Load.—Two transformers required. 
Line I feeding bus 1, busses 2 and 3 tied together and 
fed by Line II. . 

3. Heavy Load.—Three transformers required. 
Line I feeds bus 1, Line II feeds bus 2, and Line III 
feeds bus 38. 

Relays connected to current transformers giving total 
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station load are used to operate the control to cut in or 
cut out the transformer banks, so that the proper 
number of transformers to carry the station load are 
always in service. 

EMERGENCY SERVICE 


In case any incoming feeder or its transformer should 
develop trouble, then the high- and low-tension breakers 
for that transformer bank are automatically tripped, 
the emergency Line IV is connected to the bus of the 
line that has failed and the other normal lines remaining 
in service are connected to their respective bus sections 
and the tie breakers opened. If two normal lines 
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Fia. 4—Sineur-Linr Dracram or TRANSFORMER SWITCHING 
ror Auromatic SussraTions “HK,” Kansas City Pownrr & 
Liaut Co. 
should fail, the emergency Line IV would carry the 
load of the two busses. 

The following examples of emergency operation are 
given: 

4, LineI de-energized, Lines II, III & IV energized. 
Line I breakers are tripped, Emergency Line IV is 
connected to bus 1, Line II feeds bus 2, Line III feeds 
bus 3. 

5. Lines II & III de-energized, Lines I & IV en- 
ergized. Lines IV carries busses 2 & 3, Line I bus 1. 

Upon restoration of voltage to the line that has failed, 
this line is automatically cut back into service and 
the emergency line taken out. 

No overload relays are used in the substation for 
protection of the transformer equipment, as the relays 
on the outgoing 13,200-volt feeders at the power house 
are used for this purpose. The transformers are 
protected from continued overload, however, by tem- 
perature relays, and differential relays are used to trip 
the breakers in case of internal trouble. 

The failure of an incoming 138,200-volt feeder will 
trip the breakers on the high- and low-voltage side of 
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the corresponding transformer bank, and a suitable 
system of relays will start the necessary switching 
operations to connect in the Emergency Line IV to 
pick up the load of the line or lines that have failed. 

Upon the restoration of voltage to the line that has 
failed, this line is automatically cut back into service 
and the emergency line taken out. 

For control of 2540/4400Y-volt outgoing circuits. 
Each single-phase circuit is equipped with an overload 
relay that will trip its breaker in case of overload or 
short circuit, and automatic equipment will reclose the 
breaker after a predetermined time delay. If the 
breaker should trip three times within a certain time 
interval, then it is locked out and prevented from 
further reclosing until an inspector has reached the 
station and reset the lockout device by hand. In 
other words, when a breaker trips from overload or 
short circuit, it is closed back on the line three times, 
and then if it trips again it is locked open. 


OPERATING EXPERIENCE 


This station was placed in automatic service in Jan- 
uary 1924, and has given excellent service since that 
date. There have been three cases where there have 
been momentary interruptions of service, lasting from 
5 to 15 seconds, due to failure of some of the automatic 
equipment. The cause of these interruptions have been 
determined and measures taken to prevent a recurrence. 

The operation of both the transformer switching 
for the transformer banks and also the reclosing features 
of the outgoing circuits has been so successful that at 
the present time the company is equipping the two 
remaining manually operated city substations with 
automatic control, so that by the early part of 1927 
all of the 2540/4400Y-volt city load as well as the d-c. 
Edison system will be handled by automatically con- 
trolled equipment. 

In conclusion, it might be of interest to note that this 
company has in service or under construction the 
following automatically controlled substations: 


5 D-c. Edison substations......... 17,400 kv-a. 
7 A-c. indoor substations with 
4400/ 2540 Y-volt distribution... 105,400 kv-a. 
9 A-e. outdoor substations with re- 
closing oil circuit breakers....... 9,100 kv-a. 
TOTAL 131,900 kv-a. 


NEW CEMENT RESISTS ACID 


A new form of cement has been developed by a 
British firm and is reported upon by the Department of 
Commerce. This plastic material resists acid and is 
therefore valuable for use in constructing chimneys, 
sewer pipes, culverts, storage tanks, etc. 

The process is patented in the United States and it is 
contemplated that it will be manufactured here in the 
near future. A description of the product in com- 
plete detail can be obtained from the Chemical Division, 
Department of Commerce by request. 


Electricity in the Drilling of Oil Wells 
Bye. J. MURPEY: 


Non-Member 


Synopsis.—As in other industries, electricity has taken the lead 
_ in the petroleum industry in putting the drilling of oil wells on an 
engineering basis and as a result of nwmerous installations it can be 
said that oil companies in general at the present time have a very 
receptive attitude toward electric drilling. Satisfied drillers, easy 


operation, low maintenance, low power bills, fewer shut downs, per- 
fect motion, faster drilling, heavier pulling, no stand-by losses—all 
these factors have contributed to make electricity the coming accepted 
standard by which all other forms of oil-well drilling will be judged. 


* * * * * 
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CABLE-TOOL DRILLING 


4 ieee are two forms of drilling practise in common 
use in the United States today, 7. e., cable-tool 

and rotary. The cable-tool or percussion system 
was the original method and is the one most extensively 
employed at the present time. It is used exclusively 
in the Pennsylvania, Ohio, Illinois and Kentucky fields 
and to a very large extent in the mid-continent and 
western fields. 

In drilling with this system, the drilling tools are 
suspended from a steel cable or manila rope and moved 
in an up-and-down motion with the speed of the walk- 
ing beam, which supports the tools, corresponding to 
the natural period of the string of tools. Naturally 
this period becomes greater as the depth of the hole 
increases and, in order to obtain maximum drilling 
speed, the motor driving the rig must be capable of very 
delicate adjustment over quite a wide range of speed. 
It can be seen readily that this method is better adapted 
to hard solid formations than to soft formations on 
account of the fact that repeated jarring of the earth will 
loosen soft structures and cause cave-ins which necessi- 
tate fishing jobs and no end of trouble. 

There are four principal operations in the drilling of 
oil wells by the cable-tool system, namely, spudding-in, 
drilling, hoisting tools, and bailing, each operation 
necessitating distinct requirements of the electrical 
equipment operating the rig. 

The “‘spudding” operation consists of raising the 
drilling tools through a vertical distance of three or four 
ft. and allowing them to fall. The operation is accom- 
plished by means of a jerk line one end of which is 
attached to the crank on the band wheel and the other 
end through a sliding shoe to the cable which supports 
the drilling tools. The tools are supported usually by a 
steel or manila cable which passes over a sheave wheel 
on top of the derrick and then is spooled on a hoisting 
drum or bull wheel. The tools are fed downward by 
releasing the brake on the bull wheel. Near the top 
of the hole the band wheel is operated at a speed of 
42 to 45 rev. per min. to give most satisfactory opera- 
tion and the speed must be very closely controllable. 
This operation requires approximately 30 to 40 h. p. 


1. General Engineering Department, Westinghouse Electric 
and Mfg. Company, Hast Pittsburgh, Pa. 
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After a 200- to 400-ft. length of hole has been drilled 
by the spudding operation the remainder of the drilling 
is doneon the beam. Drilling on the beam requires that 
the speed of the driving motor or motors be very closely 
regulated and that the motors have relatively small 
fly-wheel effect in order to permit rapid variation in 
speed in response to variations in torque throughout 
the drilling cycle. The range of speed throughout the 
drilling of a well runs from 40 to 45 strokes per min. at 
the top of the hole down to as low as 14 to 20 strokes 
per min. at the bottom. 

The average speed of the drilling equipment must be 
adjustable at all times to correspond exactly to the 
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natural period of the drilling tools and drilling line, if 
maximum progress is to be obtained. If the speed of 
the drilling tool is set too low, the bit does not strike a 
sharp blow and the progress is slow, while if the speed is 
set too fast, excessively high stresses are set up in the 
drilling cable, drilling is slow and fishing jobs are to be 
expected. 

The horse power required will be found to vary but in 
general it can be said to decrease somewhat as the depth 
increases. If the hole is free of water, the horse power 
required to swing the tools will be comparatively light, 
the beam will operate at a larger number of strokes and 
the drilling will progress faster than if water in appre- 
ciable quantity is encountered in the hole. 

Fig. 1 is a curve showing how the horse power output 
of the motor varies with the depth of the well. As no 
two wells are exactly alike and as conditions will vary 
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considerably throughout different parts of the country, 
the above mentioned curve can be considered as 
representative only of the general trend of the power 
requirements with increase in depth. 

After every six-foot length of hole hasbeen drilled, itis 
necessary to remove the cuttings from the hole and be- 
fore this can be done the drilling tools must be hoisted. 
In this operation heavy ropes are slipped into a large 
erooved pulley on the bull wheel and into similar 
grooves on a tug rim bolted to the band wheel. Thus, 
the same motor equipment that is used for drilling is 
used for hoisting also. The pulley ratios between the 
motor equipment and the band wheel are such that a 
maximum speed of 80 to 90 rev. per min. is possible at 
the band wheel and approximately 90 to 100 rev. per 
min. at the bull wheel. The tools are accordingly 
hoisted out of the well at a rate of 350 to 700 ft. per min., 
the speed increasing as the bit nears the surface, due to 
the increasingly larger effective drum diameter. As 
the effective drum diameter is increasing, however, the 
weight to be lifted is decreasing, so that for a given 
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probably around 25 to 30 kw. The operation of 
hoisting the tools shows that considerable power is 
required to accelerate the load to full speed but that as 
soon as the motor has come up to full speed the load 
remains practically constant. Since the motor is 
already up to full speed at the time the bailing operation 
commences, the peaks at the start of this operation can 
be attributed to pulling the bailer loose from the mud 
at the bottom of the hole and accelerating it to full 
speed. It will be noted that the first bailer was evi- 
dently more fully loaded than the second. 

In order to take care of all the operations incident 
to the drilling of an oil well by the cable-tool method, 
there are two equipments in common use in the United 
States at the present time, one involving two two-speed 
motors and the other involving one larger single- 
speed motor. The former method employs two stand- 
ard two-speed, 15/35-h. p., oil-well pumping motors 
belted to a common counter shaft whereby the drilling 
is accomplished on the low-speed, low-horsepower 
connections and the hoisting taken care of on the high- 
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condition the horse power remains practically constant 
from bottom to top. At the start of the drilling, the 
hoisting of the tools is not exceptionally heavy duty, 
but as the hole becomes deeper this load is likely to 
become as high as 150 h. p., especially if the rig is not 
very efficient. 

As soon as the drilling tools have been hoisted out of 
the hole, the bailer is lowered several times to remove 
the cuttings. The bailer, which consists of a piece of 
pipe with a dart valve at the bottom, is operated by a 
sand reel, friction-driven from the band wheel. The 
speed of hoisting the bailer is approximately 2 to 244 
times as fast as the speed of hoisting tools, but because 
of the lighter weight of the bailer the load on this 
operation is practically the same as that of hoisting 
tools. 

Fig. 2 represents a section of a drilling chart, showing 
the various operations when drilling at a depth of 
approximately 600 ft., using a 15-in. bit. It will be 
noted that for a considerable portion of the drilling 
cycle, the load is approximately 16 kw. but that at the 
peak the meter registered 538 kw. with an average 


speed, high-horsepower connections. Each motor has 
nine points of speed control on each speed connection 
and by operating one controller on one point and the 
other on any one of its nine points, a total of 45 speeds 
on each speed connection is available. The latter 
method employs a standard 75-h. p., single-speed motor 
in which the low drilling speeds are obtained by the 
insertion of slip resistance in the secondary circuit of 
the motor. A main controller takes care of acceleration 
and reversing and an auxiliary controller gives fine 
speed adjustment by subdividing one of the steps of 
resistance into a number of smaller steps. 

In regard to power consumption, the kilowatt-hours 
per foot will vary considerably with the location and 
formation but in general it can be said to vary from 4 to 
10 kw-hr. per ft. for a 2000-ft. well with an average of 7 
and from 5 to 12 kw.-hr. per ft. for a 3000-ft. well with 
the average correspondingly increased. The two-motor 
scheme will be found, as a rule, to be the more economi- 
cal of the two, due to the fact that during the major 
part of the drilling operation the two motors are 
operating at more nearly their synchronous speed and 
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therefore little power is lost in secondary resistance. 
Fig. 3 shows an installation of this kind. 


Fig. 4 shows a typical power curve for cable-tool 
drilling in the mid-continent field and indicates that the 
total power consumed tends to increase slightly faster 
than the increase in depth, due, no doubt, to the greater 
power consumption in the hoisting and bailing op- 
erations. 


ROTARY DRILLING 


In certain sections of the country where the forma- 
tions are, for the most part, of unconsolidated material 


Fic. 3—INSTALLATION oF Two 15/35-H. P. Pumeina Morors 
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such as sand, gravel and boulders, considerable diffi- 
culty was encountered in endeavoring to apply the 
cable-tool system as the jarring of the tools would 
loosen the earth and cause cave-ins with resulting 
fishing jobs. To handle these formations successfully, 
the rotary system of drilling was developed. 

In this system a hollow drill pipe with a suitable bit, 
usually shaped like a fish tail, fastened to the bottom 
of it, is rotated at a speed of 60 to 90 rev. per min. and 
gradually fed downward. At the same time plunger 
pumps force mud down through the drill pipe, through 
two small holes or eyes in the bit, and up on the outside 
of the drill pipe. The combination of the scraping 
action of the bit with the jetting action of the mud 
through the holes, actually drills the well, but in addi- 
tion to assisting in drilling the mud functions also to 
carry the cuttings continuously to the surface. The 
high hydrostatic head forces this mud into the soft 
formations and the rotating pipe trowels it into place 
and thus the walls of the hole are built up rather solidly. 
The amount of casing required with this system is 
thereby reduced to a minimum. 

The equipment involved in an electrically-driven 
rotary drilling rig consists essentially of a motor, a 
suitable single reduction gear unit, a draw works, a 
rotary table, and two motor-driven mud pumps. The 
draw works comprises a line shaft chain-driven from the 
gear unit and a drum shaft on which is mounted a 
hoisting drum so arranged with a number of sprockets 
and jaw clutches, chain-driven from the line shaft, that 
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two or three hoisting speeds can be obtained. The 
rotary table is also chain-driven from the line shaft 
with a jaw clutch on the latter whereby the rotary 
table can be disengaged at any time. 

The operation to be performed in rotary drilling may 
be segregated into three distinct classes: drilling, 
hoisting and lowering drill pipe, and circulating, each 
requiring certain fundamental features in the design of 
the electrical equipment. The drilling operation re- 
quires from 30 to 100 kw., depending on the depth, 
size of hole, and the formation, and, as mentioned 
previously, the table speed ranges normally from 60 to 
90 rev. per min., although under some conditions this 
speed may be as low as 30 rev. per min. Certain 
formations require as high as 100 kw. at a speed of 70 
rev. per min. which is probably the worst condition 
encountered, while in other formations the most 
satisfactory progress of the bit will occur at 90 rev. per 
min. with loads as light as 30 kw. When special types 
of rock bits are employed, the speed of rotation of the 
drill pipe will be as low as 30 rev. per min. and the power 
drawn from the line will seldom exceed 30 kw. Thus it 
can be seen readily that the ranges of power and speed 
for satisfactory penetration of the bit vary considerably 
with the formations and the location. 

There is still another feature to take into considera- 
tion and that is the ultimate torsional strength of the 
drill pipe. With the necessity for excessively high 
torques in hoisting, as will be described later, it is found 
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highly desirable when drilling to insert a certain amount 
of permanent resistance in the secondary circuit of the. 
motor which will not only limit the maximum strain 
that can be applied to the drill pipe but which will also 
give the motor a drooping speed-torque characteristic. 
This drooping characteristic offers a cushioning effect 
between the motor and the drill pipe, a feature particu- 
larly desirable when drilling through boulders or hard 
shells where the equipment is frequently subjected to 
very severe shocks. 

After drilling has progressed for four or fivehours, the 
bit has usually become dull and out of gage and it is 
therefore necessary to replace it with a fresh bit. To 
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do so means removing all the drill pipe from the hole 
and standing it up in the derrick in “fourbels’ or 
approximately 85-ft. lengths. As the well becomes 
deeper this operation requires an ever increasing per- 
centage of the total time and as a result it is highly 
desirable to have equipment which will take care of 
extremely high overloads for short periods of time in 
order that as much of the drill pipe as possible can be 
hoisted in high gear. Records show that when handling 


Fie. 5—InstauuatTion or 100-H. P. Rorary Driving 
EQuIPpMENT SHOWING Reuative Location or Motor, ContROL, 
Gear Unit ann Draw Works 


3900 ft. of 6-in. diameter drill pipe, representing 
approximately 42 tons, the hoisting loads are as high 
as 300 h. p. but inasmuch as the load lasts only for a 
period of 40 to 50 sec., this load can be handled very 
conveniently by a 100-h. p. motor, providing the motor 
has been designed with ample pull-out torque. After 
hoisting the entire string of drill pipe approximately 
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required by friction, the weight of the blocks and one 
stand of pipe. 

After the worn bit has been replaced, the pipe is put 
back in the hole, and during this operation very little 
work is required of the motor other than lifting the 35-ft. 
sections into place for coupling together and running 
the blocks up light to the top of the derrick. 

Circulating is an operation in which the drill pipe is 
held off bottom and rotated very slowly at a speed 
seldom exceeding 15 rev. per min. The purpose of 
circulating is to allow the pump to force mud through 
the drill pipe and build up the walls of the hole. Since 
the load is exceptionally light and the speed extremely 
low, a considerable amount of secondary resistance is 
required to accomplish the desired results. Rotating 
the drill pipe at too high a speed in this operation will 
cause the bit to become out of gage. 

For extremely shallow wells it has been found that a 
15/35-h. p., two-speed pumping motor has sufficient 
capacity to do the work, but for the average wells a 
100-h. p. or 125-h. p. motor is required, with the possi-. 
bility of utilizing a 75-h. p. motor on moderately light 
wells in some territories where oil is reached at a depth 
not in excess of 3000 ft. It is interesting to note that 
the deepest well in the world, 8046 ft. deep, was recently 
completed in California and electric motors were used 
throughout, both for driving the drilling machinery 
and for operating the mud pumps. 

Fig. 6 is a typical graphic chart showing the load on 
a 100-h. p. drilling motor for the various operations. 

The power consumption per foot of hole will vary 
considerably with the location, with the ultimate depth, 
and with the diameter of the hole. In the Gulf Coast 
district for wells around 850 to 950 ft. deep, the kw-hr.- 
per-ft.-range from 1.5 to 4 with an average around 2.5. 
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85 ft., one stand or fourbel is uncoupled and stood in 
the derrick, the elevators are lowered, a new hold taken 
on the drill pipe, and the hoisting operation repeated. 
Thus there is an interval of about one minute when the 
motor is required to do little or no work. Each suc- 
ceeding hoisting operation means less load on the motor 
until, when the last length of pipe is drawn out of the 
hole, the load is a minimum, amounting only to that 
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Deeper wells in this same territory require from 8 to 
14 kw-hr. per ft. with an average of 9.5, the great 
increase over the shallower wells being due primarily 
to the larger diameter hole, the harder formations at 
the greater depths, the high power consumption during 
hoisting, and the extra horse power to maintain mud 
circulation at the greater depths. In the California 
fields, for 3500- to 4000-ft. wells, the power consump- 
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tion runs as high as 25 kw-hr. per ft., although, with the 
general adoption of more efficient bits, this figure has 
been reduced considerably. It is therefore apparent 
that no definite figures can be given as to the power 
consumption for various depths of hole as conditions 
vary in different fields and even in the same field the 
formation varies to a great extent. 


AUTOMATIC ROTARY DRILLING 


A large proportion of the difficulties in rotary drilling 
are fundamentally caused by improper feed of the drill. 


EE, 


Differential 


Hoisting Hi Hoisting 
G Ep 

ow 

Drilling Drilling 


Drilling 
Motor 


aun, A 
Motor 
Fic. 7—Scuematic DiAGRAM SHOWING PRINCIPLE OF OPERA- 

TION OF THE Hitp DirreRENTIAL Drive FoR AUTOMATIC 

Rotary DRrRiILuine 


SPEED (REV. PER MIN.) OF DIFFERENT PARTS OF 
AUTOMATIC DRILLER 
Operation Reg. motor Differential Drilling motor 
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Drilling progress. 990 Forward 2 Down 996 Forward 
Retrieval........ 990 Forward 45 Up 900 Forward 
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The feed is in the hands of an individual operator and 
the regulation of proper feed depends upon the personal 
equation of this individual, his judgment, his experience, 
his desire to do good work, ete. Errors of the individual 
are responsible for many such accidents as twist-offs, 
balled bits, and crooked holes. If the feed of the bit 
could be made scientifically proportional to the resis- 
tance it encounters, and if this feed could be cared for 
automatically and independent of any personal equa- 
tion, many of the accidents and errors due to incorrect 
drill feed would be eliminated, the speed of drilling 
would be increased, delays would be decreased, and 
costs would be reduced. The Hild Differential Drive 
was developed with this idea of providing a scientifically 
regulated feed for the drill bit in the place of haphaz- 
ard manual feed dictated by personal judgment and 
inclination. 
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The fundamental principle of the Hild Differential 
Driveis that the downward feed of the drill pipe is varied 
according to the power required to revolve the bit on 
bottom. This relationship between the feed and the 
power required for drilling is not only adjustable but is 
fixed for any given adjustment due to the inherent 
characteristics of induction motors and the principle 
of the differential gear drive. In operation, if the 
formation changes so that the load on the drill pipe 
increases, the downward progress of the drill pipe is 
automatically retarded. Thus the device not only 
tends to keep the load on the drill pipe constant for any 
given setting but also tends to hold the pipe on bottom 
at all times and at a constant pressure. Furthermore, 
if the load on the drill pipe suddenly becomes excessive, 
as would be the case in encountering boulders, the drill 
pipe is raised until the bit is free of the obstruction, after 
which downward progress is again resumed. 

Briefly, the equipment makes use of a differential 
gear unit and two motors. The drilling motor drives 
one-half of the differential, and also the rotary table, 
direct through gears and chains; while the regulating 
motor is connected to the other half of the differential. 
The hoist drum is connected to the central portion or 
floating part of the differential gear unit. 

Referring to Fig. 7, it will be seen that if the two 
motors are rotating in opposite directions as indicated 
by the arrows, with the drilling motor having the 
slightly higher speed, there will be a slight downward 
feed of the bit. Now if the load on the drill pipe 
increases, the increase is reflected in a slowing down of 


Fig. S—INSTALLATION oF Hitp DiIrrERENTIAL DRIVE FOR 


Automatic Rotary DRILLING 


the drilling motor and a resultant decrease in the rate 
of feed. If the speed of the drilling motor is reduced 
below the speed of the regulating motor, the feed 
reverses and the bit is raised off bottom. Thus the 
device tends to maintain a constant predetermined 
pressure of the bit on bottom, at the same time limiting 
the torsional stresses in the drill pipe. By reversing 
the drilling motor, the equipment is used for hoisting 
with the maximum power of both motors available. 
Fig. 8 shows an installation of this type of drive. 

In the operation of this equipment, the drilling, the 
hoisting and the other minor operations are all per- 
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formed in the same manner as with the hand-fed 
equipment. 

In Fig. 9 are shown two typical parallel graphic 
wattmeter charts representing the loads on the drilling 
and regulating motors when drilling at depths of 1460 
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hoisting load is divided evenly between the two 
machines. A comparison of the charts in Fig. 9 with 
those in Fig. 6 demonstrates conclusively the advan- 
tages of the automatic feeding of the bit over the hand- 
fed method, both from an economic and from an 
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Fic. 9—ParRALLEL GrapHic WaTTMETER CHARTS OF LOAD ON DRILLING AND REGULATING Motors 


Upper—Drilling motor 
Lower—Regulating motor 


Note the comparison between the loads for automatic drilling and hand fed drilling as shown in Fig. 6 
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DRILLED BY THE Hind DirFrERENTIAL DRIVE IN CALIFORNIA 


to 1490 ft., using 6-in. diameter drill pipe and 141%-in. 
fish-tail bits. The total drilling load is represented by 
the sum of the loads on the two motors. During 
hoisting both motors are pulling together and the total 


engineering standpoint. The absence of peaks during 
the drilling operation with the automatic feed lessens the 
strains in the equipment as well as in the drill pipe and 
the steady uniform load insures that the bit is on bottom 
the maximum possible portion of the time, resulting 
naturally in much faster drilling. 


Fig. 10 shows how the total power consumption 
varies with the depth of the hole in the drilling of a 
3700-ft. well in the California fields with the Hild 
Differential Drive. It willbe noticed that in this particu- 
lar case the power consumption amounted to 15.5 
kw-hr. per ft., while for other wells in the same field 
using the same drive the consumption has run as low 
as 6.6 kw-hr. per ft. The general shape of the curve 
appears to be a slight modification of a parabola 
which differs from the shape of the curve for wells 
drilled by the cable-tool method as shown in Fig. 4. 

The past three years have demonstrated the success 
of the automatic drive and, in the opinion of quite a few 
operating men, this drive constitutes the greatest 
advance in the art of oil-well drilling since the advent 
of the rotary system. 
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Everywhere in the oil fields, the operator is in a very 


receptive mood towards electrification as a result of the » 


success of the pumping and drilling drives. The possi- 
bilities are unlimited, especially when it is considered 
that the industry is at the present time less than 10 
per cent electrified and the central stations have only 
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just recently realized the desirability of the oil field 
load. The drilling load in itself is not so desirable 
but wherever a well is drilled electrically, it is pumped 
by the same power and the pumping load with practi- 
cally a 100 per cent load factors represents the ideal 
load for any central station. 


A Study of Transverse Armature Reaction in 


Synchronous Machines 


By Means of a Second Machine with an Adjustable Stator’ 
BY R. A. SCHAEFER 


Non-Member 


INTRODUCTION 


lB is well known that synchronous machines, when 
operated under certain conditions, do not behave 
as theory would lead us to believe. These differ- 
ences from predicted results are not of serious conse- 
quences under normal operating conditions, but are 
widely in error when operation on charging a long 
unloaded transmission line, synchronizing power, and 
pull-out torque, are computed from the design con- 
stants. These things lead us to believe that certain 
changes in the theories of synchronous machines would 
be advantageous, and it is with this fact in mind that 
we make this study of transverse armature reaction. 

By transverse armature reaction is meant the effect 
that the magnetic flux produced by the armature has 
upon the field flux, when the armature reaction is en- 
tirely cross magnetizing. This occurs when the current 
reaches its maximum value in a conductor located under 
the center of the pole. This reaction may be expressed 
numerically as a constant, which when multiplied by 
the transverse component of armature current gives 
the armature reaction expressed in field amperes. 

It can be seen that, in a generator, the armature 
reaction is not entirely cross magnetizing when the 
machine is delivering a current at unity power factor, 
because the flux produced by the armature strengthens 
the flux on one side of the pole and weakens it on the 
other, and thus producing a considerable phase angle 
between the voltage at no-load and the voltage at full 
load. 

It can also be seen that the effect produced by the 
current in a cross magnetizing position can not be 
obtained from a zero power-factor run. At zero power 
factor the flux produced by the armature current is 
acting directly on the poles. It does not seem logical 
to suppose that the effect of a current in this position, 
acting on a region composed ch efly of iron, is of the 
same magnitude as the effect produced by a current ina 
cross-magnetizing position, which acts upon a region 


*National Prize Paper presented at Marquette University Branch, 
December 80, 1926. 


composed chiefly of air. Therefore, to determine 
accurately the effect of transverse reaction, it becomes 
necessary to test a machine so that the current reaches 
its maximum value in a conductor located at the center 
of the pole. 

The method used previously in our laboratory 
(described in a paper by J. F. H. Douglas, presented 
at the Winter Convention) required that in loading the 
machine, the full power be taken from the line. The 
machine was operated as a motor and means had to be 
provided to absorb the power produced. Another 
machine of the same number of poles also had to be 
available. In the method of test to be described the 
second machine is still required, but the amount of 
power supplied is only equal to the losses in the two 
machines. 

TEST 

The machines used for this test were two 15-kw., 
1200-rev. per. min. Westinghouse machines built for 
experimental purposes. With the three-phase star 
connection the rating is 220 volts, 40 amperes. The 
machines have 6 poles and are designed to operate at 
60 cycles. Additional design data can be obtained from 
a description of the machine by Q. Graham!. One 
of the machines is so mounted that it is possible to turn 
the stator through a considerable angle by means of a 
hand wheel. The two machines are coupled together 
and driven as one unit by a d-c. motor. This motor 
supplies all the losses. A source of alternating current 
of a variable voltage and of the proper frequency must 
also be available. The apparatus is wired as shown in 
Fig. 1. It will be noted that polyphase switchboards 
are provided to measure the current in each machine 
and the current and power supplied by the line. This 
is done so that the current in each of the three lines may 
be checked for any unbalance in the three-phase system. 

The set is started by starting the d-c. motor. The 
a-c. machines are connected in the proper phase rotation 
with each other and with the line by phasing out with 
lamps and a voltmeter. The two machines are con- 
1. A. I. BE. EB. Journal, May, 1925, p. 542-543. 
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nected together and synchronized with the line as one 
unit. The controls are as follows: Turning the hand 
wheel which adjusts the stator position of one machine 
causes a circulating current to flow between the 
machines. The current taken from the a-c. line is 
varied by the induction regulator and by changing taps 
on the auto transformers. The reading on the watt- 
meter in the a-c. line is controlled by means of the field 
rheostat of the d-c. motor. The relation between the 


D-C. Supply 


Induction Regulator * 


Fig. 1—Inpuctrion REGULATOR 


currents in the two a-c. machines can be varied within 
wide limits by adjusting the field currents of the two 
a-c. machines. Shifting the stator of the one machine 
separates the pole axes by an electrical angle which can 
be read directly on a scale attached to the machine. 


122 Volts 134 volts 
PF" 1q= 6.76 Volts 
1,= 6.98 Volts 


Line I = 41.7 Amp. 


Fig. 


2—CompLete SoLuTiIon By VecTOR DIAGRAM 


By a study of the vector relations in Fig. 2, it is 
possible to see what conditions must be fulfilled in 
order that the current may be in phase with the pole 
axis in each machine, and hence be wholly cross mag- 
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netizing. First, the currents in the two machines 
must be equal. Second, the line current must be equal ° 
to2Isin 44 @, where J is the current in either machine, 
and @ is the angle by which the poles are displaced as 
shown on the scale attached to the stator. Third, 
the power factor of the line current must be zero. 


E = Voltage 
ty= Motor Current 
1g = Gen. Current 
1, = Line Current 


When all conditions are satisfied all instruments are 
read and recorded. 

It may be of interest to note at this point what the 
results would be if the conditions outlined above were 
not fulfilled. Fig. 3 illustrates the effect on the vector 
diagram if the line current is not of the proper mag- 


E = Voltage 
\m = Motor Current 
Ig =Gen. Current 
| = Line Current 


Hie. 4 


nitude.: It is obvious that the current in the machines 
is not wholly cross magnetizing. 


Fig. 4 illustrates the effect of unequal currents in the 
two machines. Again the current is not wholly cross 
magnetizing. 

If the wattmeter does not read zero, the current 
may be cross magnetizing, or it may not be. To de- 
termine whether it is, or is not, would involve a more 
detailed solution of the vector diagram, taking into 
account the power factor of the line current. It is a 
far simpler matter to adjust the wattmeter to zero by 
means of the field rheostat of the driving motor. 


Aug. 1927 


CALCULATIONS 


As magnetic conditions in the two machines are 
similar, and the loads on the motor and the generator 
are equal, it seems logical to assume that the terminal 
voltage vector lies midway between the pole axes of 
the two machines. 

Fig. 2 illustrates the vector relations. E is the 
terminal voltage drawn at an angle of 1% 6 to the pole 
axis of either machine. EF is the induced voltage in the 
machine. M; represents the magnetomotive force 
which induces this voltage. This m. m. f. is obtained 
by taking E to the saturation curve and reading the 
field amperes. This m.m.f. may. be resolved into 
two components. One component along the pole 
axis, produced by the field coils of the machine, the 
other transverse to it, the transverse component being 
due to armature reaction. The reaction M, expressed 
in field amperes, divided by the armature current which 
produced this reaction is, by definition, the constant 
which we set out to determine. It is well to note that, 
in determining the induced voltage HE, the terminal 
voltage was not corrected for J X drop. When the 
current in a conductor reaches its maximum directly 
over the pole, any flux produced by that conductor 
has an effect upon the flux in the pole. All the effect 
is reaction. There is no effect which is proportional 
to the current and independent of saturation, and 
therefore no J X drop. This assumption seems to be 


M 
justified because the value ia is a fairly constant 


quantity. 
We will next consider the solution of a typical case. 
The following data are observed. 
Pole displacement = 
Motor field current = 
Generator field current 
Motor Current 


64.5 deg. 
5.75 amperes 
7.0 amperes 


| 


avg. of 3 phases = 41.8 amperes 
Generator Current 

avg. of 3 phases = 40.6 amperes 
Line Current 

avg. of 3 phases = 41.7 amperes 
Total line watts = 140 watts 
Volts to neutral 

avg. of 3 phases =.'12873' volts 
Arm of Resist = .1667 ohms 


The graphical solution is as follows: (See Fig. 2). 

The pole axis of motor and generator are drawn 
64.5 deg. apart. The terminal voltage vector is drawn 
midway between the pole axis, length 128.3 volts. 
I R drop for motor, 6.98 volts. J R drop for generator, 
6.67 volts. The induced voltage vectors are drawn 
and when scaled are found to be 134 volts for the 
generator and 122 volts for the motor. The saturation 
curve shows an m. m. f. equivalent to 7.6 and 6.6 field 
amperes for generator and motor respectively. These 
field currents are laid off on a line in phase with the 
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induced voltage vectors and from their ends perpen- 
d culars are dropped to the respective pole axis. The 
transverse component of the m. m. f. is measured, and 
in the motor is equivalent to 3.7 field amperes. This 
gives a transverse reaction constant equal to 


C peed 0.0886 
mw Ade, Seg 
The transverse component of m. m. f. as measured for 
the generator is equivalent to 3.9 field amperes. This 
gives a transverse reaction constant of 


3.9 
C,= 10.67 0.0961 

It may be of further interest to note that, in the vector 
diagram the component of m. m. f. along the pole axis 
in the case of the motor is 5.4 amperes. The observed 
field current is 5.75 amperes. In the generator the 
vector diagram shows 6.6 amperes on the pole axis, 
while the observed field current is 7 amperes. 

In some cases, the value of field current as shown on 


VOLTS TO NEUTRAL 


8 12 
FIELD AMPERES 


Fic. 5—SatTUuRATION CURVE 


the vector diagram was larger than the observed field 
current, but in general the observed field current was 
It is believed that if very accurate meters are 
provided and suitable care is taken n the observations 
the observed current will always be larger. 

This might be explained in the following way. As 
armature reaction shifts the flux to one side of the pole, 
the one side is weakened more than the other side is 
strengthened, due to the curvature of the saturation 
curve. While there is no direct reaction on the pole, 
yet the result is slightly demagnetizing. This effect has 
long been recognized in the design of d-c. machines. 

Nine series of data were taken on this pair of 
machines, varying the field current from 3.58 amperes to 
16.6 amperes, with armature currents from 18.4 amperes 
to 46.9 amperes, and with pole displacements ranging 
from 30 deg. to 64.5 deg. The average constant 
computed from these series of data was 0.09300 
+ 0.00911. The result obtained by J. F. H. Douglas 
(described in the paper referred to above) is 0.092 + 
0.005. The fact that these results agree so closely leads 
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us to believe that there is no constant error in either 
method. 
CONCLUSION 


The above test is of too technical a nature, and is of 
little value as a routine test to determine whether a 
machine meets a purchaser’s specifications. It may 
however, be useful for the designer to check the design 
constants in a machine. 

There is one disadvantage in the test as described, 
that is, one machine requires an adjustable stator. 
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There does not seem to be any reason why the tests 
could not be made by slipping the coupling a few 
degrees for each series of data, and taking readings 
for various field and armature currents. 

The test requires a source of alternating current 
approximately equal to the kv-a. capacity of one 
machine if tests at near 60 degree pole displacements are 
to be made. As the current is wattless, no power is 
drawn from the a-c. line. The rating of the d-c. 
motor must be equal to the losses in the two machines. 


Mechanical Forces in Transformers 
BY J: E.-CLEM?! 


Associate, A. I. E. E. 


Synopsis—In this paper a method of calculating the mechanical 
forces in transformers, based on mutual reactance between coils, 
is presented. A formula for the mutual inductance between coaxial 
solenoids is developed and from this expression the formula for the 
mechanical force between concentric cylindrical transformer coils as 


N the design of transformers it is essential that the 
mechanical forces set up on short circuit be pre- 
determined so that the bracing structure may be 

proportioned properly. This feature becomes in- 
creasingly important as the size of the transformer and 
the extent of the power systems increase. In this 
paper there is developed a method, fundamental and 
analytical, by means of which the total axial force and 
the force on separate coils of a transformer having 
concentric cylindrical windings may be calculated 
easily and quickly. The method is simple, being 
based on the fact that the reactance of a transformer 
may be calculated from formulas of self- and mutual- 
inductance. 


MUTUAL INDUCTANCE OF COAXIAL SOLENOIDS 


This development is similar to other developments of 
the same problem but the result is given in a form that 


Hig: wi 


is more convenient for calculation than heretofore 
available. 

It has been shown elsewhere? that the mutual 
inductance between a circle of radius a and a coaxial 
solenoid of radius A, Fig. 1, extending to infinity from a 
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derived. The same method is followed to obtain the formula giving 
the mechanical force between individual coaxial coils: The method 
is checked by calculations of reactance of complicated arrangements 


of coils. Tables are given to facilitate calculations. 
* * * * * 


point X distant from the plane of the circle is given 
by an expression which becomes on transformation 


Mao paNh. — 8 (1) 
r 
a? at qaé 

all oe earn 6 at te ie re F, + ete. 
y ieee — nF 

3 A? 
Ee r 
aes 5 A? ( A? ) 
apa | oN ana 

BD A? At A? 
Fs = joa 2 (33 7 — 36 2 + 8)ete. 
Y= .o/A? + 9? 


Equation (1) has been transformed from those 
usually given to obtain a series for the quantity F in 
which the variables are always less than unity. This 
makes the calculations easier and extends the working 
range of the equation by keeping the value of the 
series for each component part of F' down to a small 
figure throughout the entire range of the variable A2/r?. 

In this expression M is the number of lines passing 
through the circle due to the semi-infinite solenoid 
which has a winding of N turns per cm. The mutual 
inductance between the finite solenoid, Fig. No. 2, 
of radius a and length S having n turns per cm. and the 
semi-infinite solenoid may be obtained by integrating 
the expression of (1) over the range from x = 1%, to 
C=. Thiseives 
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M = 27’? anN [x3 — r3 BY — 2, + 1, BY (2) 
a Of a’ 
B Oe apa iene pee gata” ete: 
jie ae 
1 A? 
B, = 8 ye 
1 A2 A? 
B, — 64. p (5 r? ae) 
5 A? A‘ A? 
By = 1024 ae (21 eu, 28 p + 8) etc. 


By reference to Fig. No. 3 it can be seen that the 
mutual inductance of the finite solenoid S and a second 


semi-infinite solenoid extending to infinity but starting 
P further away from the solenoid S than the the first 
semi-infinite solenoid is given by a similar expression 
involving x. and x, in place of x, and x3 as follows: 

M = 27° aN [a,— 174 BY — 2 + 72 BUY (3) 

It follows naturally that the mutual inductance of 
coils S and P with centers x cm. apart as in Fig. No. 4 
is the difference between (2) and (3), 7. e., (2) — (3) 
which gives as the final formula for the mutual induc- 
tance between two concentric coaxial solenoids 


M =27' @nN ([r, BI— 7. BU — rs B+ 1, BY] (4) 
M = Mutual inductance in centimeters 
a = Smaller radius of solenoids in centimeters 
A = Larger radius of solenoids in centimeters 
S = Length of a solenoid in centimeters 
P = Length of A solenoid in centimeters 
nm = Turns per centimeter of a solenoid 
N = Turns per centimeter of A solenoid 
r = /x¢? + A? for each value of x 
B  =j{,Function of the ratios A?/r? and a?/r? for each 
value of x as defined in equation (2). Values 
of B may be taken from Table 8. 
S+P S—P 
ee ee en 
S—P Ss -+ P 
em 


SELF-INDUCTANCE OF SOLENOIDS 
In order to calculate the net inductance of a pair of 
solenoids it is necessary to calculate the self-inductance 
of each. One of the most convenient methods of doing 
this is that given by Nagaoka as follows: 


L=4r@wsSK (5) 
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which gives the inductance in centimeters. The factor 
K isa function of the ratio of the diameter to the length 
of the coil and the values of K are available? in any 


book that treats on inductance. 


AXIAL FORCE IN TWo COAXIAL SOLENOIDS 


When the magnetic centers of two coaxial solenoids 
coincide there will be no axial force tending to move 
the coils asa whole. But if the magnetic centers of the 
coils do not coincide there will be a force tending to 


cause a still greater separation of the magnetic centers. 
This force will depend upon the stored magnetic energy 
and the rate at which the energy is changed by the 
differential motion of the coil, 7. e., 


= d W 
sae dx 


Sere ds 
2 


= stored magnetic energy in joules 
10’ ergs or dyne-centimeters 
inductance of circuit in henrys 
= maximum value of currents 


ie ae Om ae 
Nat dq dnes (6) 


I 


ll 


a. oS 
| 


In the pair of solenoids or transformer coils being 
considered 


Digst lige, 2M (7) 
L = Net inductance or leakage reactance of 
transformer 


L, = Self-inductance of primary 
L, = Self-inductance of secondary 
M,. = Mutual inductance between primary and 


secondary 
Since the self-inductance of neither the primary nor 
secondary coil will be affected by any change in their 
relative position, there results 


aL 
d% 


d M 
= —2—— 


ioe (8) 


3. Bul. No. 169, Bureau of Standards. 
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The mutual inductance between one of the circles and a 
solenoid is obtained by integrating (11) over the range S 


d M 
Since M is given by equation (4), 9 is given by the 


derivative of this equation. Rewriting (4) for inches 


from * = x, tox = x» which gives 


and henrys, teh 
M=8rnN VGA Wes sal 
2rVenN BR rs 
EE PA Mi Sener 7 

there results ca . 

d M 27? anN “y =8rnn Vos [ Dee 

dx ee 10° S r B S ie Gacy 
and has 
Upon differentiating this and substituting in the force 
ee 2.54 pont ve™ f F 9) equation there results 
Wa ee AP » r ) ou ; 
: : f= 698 Ne eee (12) 
When (9) is substituted in (6), the force, after chang- ip Se iW S a ae 
ing from dynes to pounds, is found to be ; 
f = Forcein pounds 
= ie a nm = Turns per inch of solenoidal coil 
f= 446 Pat nN 10™ > r & N = Turnsin single coil 
a = Radius of solenoid inches 

In this expression, J is the maximum value of current A= Radius of coil inches 
and to use the usual effective value we must write S = Length of solenoid inches 


HY 
f = 0.888 I? a2 n N 10-8 > — F (10) 


TABLE I 
COMPARISON OF CALCULATED AND MEASURED VOLTAGES 
+ FOR WINDINGS SHOWN IN FIG. 6 


This expression gives the force in pounds when the Fig. 6A Fig. 65 
dimensions are in inches and F is defined as in equation Akad cache oe eae eae Te 
(1). The value of F may be taken from Table II. 
P—-—s 3350 3850 4023 3820 
FORCE ON INDIVIDUAL COILS Farad a gay - a gece 
’ ; P—@Q 660 665 1471 1318 
To find an expression for the force between a solenoid SL atog 5110 5344 4865 4770 
. : . 3 S —Q 1520 1460 1464 1364 
and a single coil we proceed as above, 1. ¢., integrate to BS - 1 nen ai dea Ben 
find the mutual inductance between the coil and the PS -—Q 1975 1725 1862 1725 
solenoid and then differentiate this expression to find {.° ° < oak Fe “ss 
the force. The mutual inductance between two circles, 
Fig. 5, is given by TABLE IL 
F_E VALUES OF F 
M=81 Vad ae iy ae pie 1 ro 1 ce 1 ae ‘ae 
2 . 92 fs 3 
0.95 1.7660 1.6280 1.5089 1.4076 1.3211 
In this expression F' and E are elliptic integrals, avail- 0.9 say Mea tet eal Ber SIR AIS gE 1.2767 
q 0.85 1.3887 1.3405 1.2910 1.2416 
0.8 1.3310 1.2921 1.2524 1.2131 
i Oi 1.2212 1.1944 1.1665 
A 0.6 1.1497 1.1304 
i | 1.1005 
q | 
Wok teens @/r =0.5| 0.4 0.3 0.2 0.1 
Fie. 5 1 1.2816 1.2036 1.1397 1.0860 1.0400 
0.95 1.2471 1.1835 1.1283 1.0802 1.0377 
0.9 1.2187 1.1658 1.1179 1.0746 1.0354 
able from published data in works on inductance,‘ to the 
4 : 0.85 1.1948 1.1500 1.1081 1.0692 1.0332 
modulus K which is defined as 0.8 1.1739 | 1.1358 | 1.0990 | 1.0640 1.0310 
Oni7 1.1389 1.1106 1.0823 1.0542 1.0267 
4aA 
K (r a r ye 0.6 1.1102 1.0891 1.0673 1.0451 1.0226 
2 1 0.5 1.0858 1.0702 1.0538 1.0365 1.0185 
pe (A zi a)? aii a? 0.4 1.0646 1.0534 1.0413 1.0284 1.0146 
ry? a= (A 38 a)? + a? 0.3 1.0382 1.0299 1.0208 1.0108 
0.2 1.0192 1.0135 1.0071 
4. Bul. No. 169, Bureau of Standards. wae E0078 1.0035 
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TABLE III 
VALUES OF B 

A?/r? G4) Tale O59 0.8 0.7 0.6 
Hy (0.8506) 0.8689 0.8861 0.9024 0.9179 
0.9 0.8845 0.8956 0.9071 0.9187 0.9304 
0.8 0.9149 0.9227 0.9317 0.9411 
0.8 

ORG 0.9357 0.9430 0.9505 
0.6 0.9530 0.9590 
0.5 0.9669 

aT 0.6 0.4 0.3 0.2 0.1 

i 0.9328 0.9471 0.9609 0.9743 0.9873 
0.9 0.9422 0.9540 0.9657 0.9772 0.9887 
0.8 0.9506 0.9603 0.9701 0.9800 0.9900 
Ona 0.9582 0.9662 0.9744 0.9828 0.9913 
0.6 0.9652 OTT 0.9784 0.9854 0.9926 
0.5 0.9718 0.9769 0.9823 0.9880 0.9939 
0.4 0.9780 0.9819 0.9861 0.9905 0.9951 
0.3 0.9867 0.9897 0.9930 0.9964 
0.2 0.9933 0.9954 0.9976 
Oy 0.9977 0.9988 


TEST APPLICATION 


The method has been checked by the calculation of 
reactance for complicated arrangements of windings, on 


Big, 6 


the basis that if the voltage can be calculated accurately 
then the force calculation as based on the differential 
of the voltage equation will be established as reliable. 
This was done because the voltages can be measured 
much more easily than forces. 

In Figs. 64 and 6B are shown diagrams of two trans- 
formers for which voltage calculation was made. The 
agreement of calculated and measured voltage shown in 
Table I is reasonably close. These are high voltage 
transformers having extra insulated end turns so that 
the turns are not distributed uniformly over the high- 
voltage coils. This has an effect which is greater as the 
portion of the winding considered is less, but these 
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calculations have been made as for a uniform dis- 
tribution. 

Forces for a representative transformer have been 
calculated and the results are shown in Figs. 7 and 8. 
The coil forces in Fig. 8 are for a displacement of 
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about 14 in. and the sum of the individual coil forces 
totals to the value on the curve in Fig. 7. In this 
case the forces are relatively low on account of the 
rather high reactance of the transformer for which these 
calculations are made. The displacement which gives 
the maximum is higher than would ever occur in a well 
designed transformer. 


NITROGEN FIXATION TO BE USED 
EXTENSIVELY BY BRITISH 

According to one of the directors of the Imperial 
Chemical Industry, Ltd., the fixation of atmospheric 
nitrogen, through the intermediate stage of ammonia, 
seems to have established itself as definitely superior 
to other methods of fixation. This statement was 
transmitted through our trade commissioner at London.: 

In the opinion of British authorities, the natural 
nitrate of soda from Chile has the greatest difficulty in 
competing with fixed nitrogen of synthetic origin. 

It is pointed that Great Britian has made consider- 
able progress in the development of the nitrogen indus- 
try and that the output of fixed nitrogen will be greatly 
increased over present production by the end of next 
year. 

The Department of Commerce states that the de- 
mand for nitrogen is increasing at the rate of 100,000 
tons of fixed nitrogen per annum and that there is no. 
expectation of any lower rate of increase in sight. 


Mercury Arc Power Rectifiers 
Their Applications and Characteristics 


BY O. K. MARTE 


Associate, A. I. E. E. 


Synopsis.—Steel-enclosed mercury arc rectifiers, due to their 
advantages over rotary converters in efficiency, ease and reliability 
of operation, and ability to produce high d-c. voltages, are gradually 
replacing other forms of converters in all fields of application. 
There are at present 600,000 kw. of rectifier installations, distributed 
over different parts of the world. Statistical data are given showing 
the growth of installed rectifier capacity since 1911, the distribution 
of rectifiers over various fields of application, and their increasing 
use at higher voltages for railways. The high efficiency and re- 
liability of rectifiers at high voltages will undoubtedly influence the 
selection of systems and voltages for main-line electrification. Com- 
parative operating figures are given for rectifiers and motor-generator 


of alternating current, has its own numerous and 

valuable characteristics and uses. Among these 
might be mentioned trolley and other city railway lines, 
interurban and main-line railroads, rolling mills, special 
drives requiring the facility of control made available 
only by the use of direct current, electrochemical 
applications, and so forth. The generation of d-c. 
power at ordinarily used voltages would be very 
uneconomical due to the small power involved for 
particular requirements. Furthermore, at the voltages 
at which it is at present generated and used, transmis- 
sion of the d-c. power over long distances could be 
accomplished only with considerable losses. The only 
solution of this problem, therefore, is to generate alter- 
nating current, transmit it at high voltages to the site 
of its application, and there convert it by the best 
means available into the desired d-c. voltages. Rotat- 
ing converters have been the only means commercially 
available for this purpose, until the comparatively 
recent advent of the steel-enclosed mercury arc power 
rectifier. 

On account of its newness in the commercial field, 
there was at first a lack of confidence in the rectifier. 
This, however, has been dispelled by itsadvantages and 
successful operation in all parts of the world and in 
every field of application. Contrary to the rotating 
conversion apparatus, the electrical energy is not first 
changed into a mechanical form and then changed back 
again to the electrical form, but the conversion occurs 
directly with no intermediate stages. The losses and 
other disadvantages accompanying conversion by 
means of rotating machinery are either greatly reduced 
or eliminated entirely. Ina rectifier there are no iron, 
windage, friction, or ventilation losses, and those which 
do occur (losses due to the voltage drop in the arc) 


1. Both of the American Brown Boveri Electric Corp., 
Camden, N. J. 
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| Daas current, in spite of the many advantages 
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sets at 3000 volts d-c. Several types of Brown Boveri rectifiers and 
their load curves are shown. Due to the fact that the d-c. voltage of a 
rectifier consists of portions of sine waves, the voltage wave is some- 
what undulated. The magnitude of the undulations depends on the 
number of phases and varies with the load. The effect of the undula- 
tions in the voltage wave on the shape of the current wave for various 
types of loads is discussed, and oscillograms of the voltage and cur- 
rent waves of a rectifier feeding a railway load under various 
conditions are shown. The effects of the undulations on different 
kinds of load—batteries, lighting, and power circuits—and on 
communication circuits paralleling the d-c. feeders are discussed 


briefly. 


do not vary as in the usual electrical machines and 
apparatus, as the square of the current, but only as a 
linear function and independent of the voltage. Two 
important properties of the rectifier are dependent on 
this last mentioned fact: the efficiency remains practi- 
cally constant at all loads, and since the losses in the 
rectifier proper are practically constant at all operating 
voltages, the efficiency increases as the operating 
voltage is increased. This characteristic of the recti- 
fier—a high efficiency at partial loads—is of particular 
importance in cases when the conversion machinery 
has to be operated under conditions which impose a 
low annual load factor, as in the supply of d-c. power 
to rolling mills, dredges, elevators, and especially for 
traction motors. For the last mentioned application, 
the simplicity and rapidity of the starting operation 
are also outstanding advantages. These advantages, 
together with others, have proved the rectifier to be 
superior to the rotary converter, and have contributed 
to the great popularity which rectifiers have gained 
during recent years. 

As an example of the superiority of the mercury arc 
rectifier, it may be mentioned that the chief reason for 
not using d-c. voltages above 1500 volts for traction 
lies in the fact that this value is already close 
to the maximum which can reliably and safely be ap- 
plied to one commutator of rotating converters. For 
higher d-c. voltages, two machines must be connected 
in series, which greatly reduces the efficiency, appreci- 
ably increases the initial cost of the installation, and 
introduces further operating difficulties. With recti- 
fiers, this is not the case, as a single cylinder is capable 
of producing many times this voltage. 

The fact that today there are in service throughout 
the world steel-enclosed rectifiers with a total capacity 
of more than 600,000 kw. is without doubt a proof of the 
soundness of the basic design of these devices. In 
Fig. 1 are shown the total installed capacities from year 
to year, and the fact that the steepness of the rise be- 
comes greater year by year indicates the possibility that 
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this device will soon largely replace all other forms of 
converters. 

The field of application of the steel-enclosed mercury 
are power rectifier is already very wide, as is clearly 
illustrated in Fig. 2. Mercury arc rectifiers are natu- 
rally used with greater advantage where their peculiar 
qualities meet the requirements of the service in 
question. To these classes of service belong installa- 
tions subjected to large fluctuations in load and to 
heavy and short current peaks, such as main-line rail- 
ways, street cars, subway and elevated railroads, rolling 
mills and the like. A comparison of the shaded areas in 
Fig. 2 shows that the use of rectifiers for street car and 
railroad service is twice as great as for all other purposes 
combined. The next largest field of application is for 
power and light. Then follow motors for rolling mills, 
special drives, shovels, dredges, elevators, and mining 
locomotives. The smallest application of rectifiers, 
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because it is the newest, is for electrochemical purposes. 
Successful load tests have been carried out with recti- 
fiers at d-c. voltages of 5000 volts and 8000 volts for 
special electrolytic purposes. Considerable study is 
being devoted to this field, and attention has 
naturally been given to assure safety of operation at the 
high voltages mentioned. These tests have shown that 
the limits of d-c. voltages for which rectifiers can be 
used are still unknown. 

Installations on a commercial scale were begun in 
Europe in the year 1912, and then only in capacities of 
100 kw. One of the earliest installations is shown in 
Fig. 3, which is for a municipal lighting plant, the direct 
current being employed for power and lighting purposes. 
This plant consists of four 6-anode rectifiers, each rated 
for 150 kw. at 220 volts. The supply current is three- 
phase, 50-cycle, 5250-volt. This installation was made 
in 1914 with three cylinders, the fourth being added 
later on. 

Attention may be called to the fact that the principal 
elements in the design of the Brown Boveri type of 
rectifier have changed little during the past twelve 
years. This is evident at once when Fig. 3 is compared 
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with Fig. 4, showing the relative sizes of the different 
types of rectifiers made at present by the Brown Boveri 
companies. Inspection of Fig. 3 and Type C in Fig. 4 
reveals that the relative dimensions and arrangement 
of the various elements are practically identical in the 
1914 and the present designs. In spite of the fact that 
there has been no great change in the basic structure of 
the rectifier, many refinements have nevertheless been 
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made in the design of such details as cooling, anodes, 
seals, etc., and in the development of more suitable 
material. Improvements have also been made in the 
auxiliaries, which, together with the improvements in 
the rectifier proper, allow a far better utilization of the 


Fig. 3—Oner or THE HWaruitest ReEcTIFIER INSTALLATIONS 
device. These facts are mentioned merely to remove 
any possible impression which may exist that the mer- 
cury are power rectifier is still an unfinished product 
in its first stages of development. 


OPERATING FEATURES 


The following figures might be of interest in connec- 
tion with the operation of rectifiers. 

The number of rectifiers operating in parallel with 
rotary converters and batteries, either in substations or 
over feeders, is about 900, distributed over approxi- 
mately 450 installations, with a total rated capacity of 
more than 450,000 kw. Parallel operations of rectifiers 
with each other, with rotary converters, d-c. generators, 
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or batteries, is governed by the same principles as 
govern the parallel operation of d-c. generators. In 
accordance with the fundamental principles on which 
the operation of the rectifier depends, energy cannot 
flow from the d-c. to the a-c. network, since the current 
can pass only from the anode to the cathode. This 
fact is of considerable importance because a satisfac- 
tory parallel operation of rectifiers connected to two 
independent a-c. networks is thereby possible. The 


A B C D E 


Fie. 4—ReEwvaATIVE Size or A SERIES OF BROWN BoveERiI TypE 
RECTIFIERS 


two networks are not restricted, in that they must have 
the same frequency, nor does a change in frequency 
affect safe operation, because a change in the frequency 
in one network will not cause motoring or other trouble- 
some and dangerous occurrences in the rectifier, as 
would be the case in synchronous converters should 
they be connected to independent networks. 

In regard to the adaptability of the rectifier to full 
automatic control, the fact that the total number of 
fully automatic substations reaches the appreciable 
figure of 100 may be of interest. Due to the simplicity 
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and speed of starting and stopping a mercury arc 
rectifier, this device lends itself to automatic control 
much more readily than a synchronous converter. 

Another outstanding feature of the characteristics of 
therectifier may be brought out here. Ascan beseen from 
Fig. 2, the application of rectifiers for railway service is 
far greaterin respect to total capacity than for any other 
field; in fact, twice as much as for all other applications 
together. A most interesting fact in relation to railway 
‘service is illustrated in Fig. 5, in which the total capacity 
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rating of rectifier installations for railway service— 
including city, interurban, and main-line—at different 
voltages is given, for the years 1920 (solid areas) and 
1926 (shaded areas), respectively. The solid areas 
show that the voltages most frequently used in 1920 
lay between 600 and 750 volts, while the shaded areas 
show that in 1926 the average choice lay between 775 
and 1250 volts. It is unquestionably true that the 
influence of the outstanding rectifier characteristics, 
consisting of reliable and safe operation at voltages 
above 600 volts and increased efficiency at the higher 
voltages, accounts in great part for this fact. The 
authors firmly believe that an even more pronounced 
effect of these characteristics on the selection of voltages 
for the electrification of railroads will soon be notice- 
able, and thus the mercury are power rectifiers will soon 
exert an influence on the question of d-c. versus a-c. 
systems. 

In support of this, the following figures, which show 
the advantages of a 2000-kw. mercury arc rectifier as 
compared to a 2000-kw. motor-generator set at 3000 
volts d-c., both at nominal rating, may be adduced. 
Assuming a load factor of 40 per cent, which is common 
in railway service (800 kw. for 24 hours), a total of 
19,200 kw-hr. is obtained, and, assuming a load charac- 
teristic of two hrs. at 150 per cent load, eight hrs. at 
50 per cent load, eight hrs., at 30 per cent load, four 
hours at five per cent load, and two hrs. at no-load, the 
table below will illustrate the large saving which can be 
effected by employing a rectifier in place of a motor- 
generator set for this particular load characteristic. 


j Efficiencies Losses in kw-hr. 

Time Load 
(hrs.) kw. Rectifier M. G. Rectifier M. G. 
2 3000 97.0 90.8 185 600 
8 1000 96.8 86.4 264 1260 
8 600 95.5 81.8 266 1070 
4 100 82.5 46 82 470 
2 (6) 38 232 
795 3632 


Hence, the saving effected during 24 hrs. amounts to 


_2837 kw-hr., and per year to 1,035,000 kw-hr. Assum- 


ing the cost of power to be one cent per kw-hr., an 
annual saving of about $10,000.00 would be obtained, 
which would pay for the substation in a few years. 

Additional savings in the annual costs would result 
from the use of a rectifier of the above rating in place of 
a motor-generator set on account of the lower initial 
cost of the rectifier, which is about 55 per cent of the 
cost of the motor-generator set, and on account of the 
lower cost of the substation, since the building required 
by the rectifier would be smaller, and would not need 
special foundations nor cooling ducts. 


LOAD CHARACTERISTICS 


The mercury are rectifier is inherentlyga machine 
with a continuous rating, due to the very small masses 
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which can absorb and store up the heat produced during 
its operation. Due principally to the absence of all 
rotating parts, however, it has a high momentary over- 
load capacity and can respond very quickly to these 
overloads due to the absence of the inertia of a magnetic 
field. Standard types of Brown Boveri rectifiers are 
shown in Fig. 4; their current and kilowatt ratings at 
various voltages, up to 5000 volts, are given by the 
curves in Fig. 6. At present they are built for voltages 
from 220 volts to 5000 volts d-c., and in capacities from 
220 kw. to 2700 kw. The ratings given in Fig. 6 are 
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reduced somewhat if overloads of appreciable duration 
arerequired. In order to givea picture of the overloads 
which can be cared for by rectifiers, the following figures 
have been noted: Type D, shown in Fig. 4, has a 
continuous capacity of 1500 kw. at 1500 volts, with an 
overload capacity of 2250 kw. for 15 min., 3000 kw. 
for five min., and 4500 kw. for one minute. The signif- 
icance of these figures may be better appreciated if it 
is realized that it would be possible to start and run a 
train of average size with one such unit, since it does not 
take more than 5 to 10 minutes to bring such a train 
up to speed. 

It can be seen from Fig. 6 that the output for a 
given cylinder increases with the voltage. In spite of 
this fact, rectifiers are at present rated on the basis 
adopted for the rating of electrical apparatus and 
machinery before the advent of the mercury arc power 
rectifier. The authors believe that, in view of the fact 
that the field of application of rectifiers is constantly 
enlarging, it would be justifiable to take steps to work 
out standards of rating for rectifiers based on their 
peculiar characteristics rather than on those of rotating 
machinery. The curves for Types D and E show the 
characteristic fact that with increasing voltage the 
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kilowatt output increases in a straight line at first, but 
that the. rate of rise decreases with further increases 
in the voltage. 


The rectifier transformer serves the same purpose as 
the transformer for a synchronous converter; namely, 
to obtain the proper d-c. voltage and to split the pri- 
mary power into the desired number of secondary 
phases. As is illustrated in Fig. 8, the d-c. volt- 
age, during conversion, retains the caps of the sine 
wave of the a-c. supply voltage. It will be shown 
later that, in consequence of this, the amplitude 
and the frequency of the ripples depend on the 
number of phases, and that increasing the number 
of phases reduces the magnitude of the undulations. 
This is one of the reasons why the number of phases 
employed with rectifiers is relatively large: usually not 
less than six, and often as high as twelve. As the 
number of phases is increased, however, many compli- 
cations enter into the design of the transformer, and its 
utilization decreases. This latter fact can easily be 
realized from a consideration of Fig. 8. The interval 
per cycle, during which the arc is maintained between 
the cathode and any one anode, decreases with a larger 
number of phases so that the time of utilization of each 
phase is shortened. During the other intervals, the 
phases are not under load and hence not fully utilized. 
Therefore, for a given d-c. output, the rating of the 
transformer will increase with the number of phases 


‘(see curve 8, Fig 9) which necessitates limiting the 


number of phases for economic reasons, at a reduction 
in the smoothness of the d-c. voltage wave. It is 
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therefore necessary to take into account a certain 
amount of undulation in the voltage wave of all recti- 
fiers, and accordingly we shall look into this question 
more thoroughly in the next part of this paper. 


The various applications and present status of steel- 
enclosed mercury arc rectifiers have been dealt with in 
the first part of this paper. We shall consider now 
the characteristics of the rectifier as affected by the 
character of the load and electrical conditions on the 
d-c. side, for the various applications. 
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VOLTAGE WAVE 


In a preceding paper by one of the present authors’, 
the current and voltage relations in circuits of polyphase 
rectifiers were derfved with the assumption that the 
direct-current wave is a straight line. While this 
assumption leads to sufficiently accurate results, for all 
practical purposes, insofar as the relations of voltage, 
current and power on the d-c. and a-c. sides of the 
rectifier are concerned, and is entirely justified when 
there is a considerable amount of inductance on the d-c. 
side, yet in some cases the undulations in the d-c. 
current and voltage waves become a factor worth con- 
sidering, as will be brought out later on. 

In a polyphase rectifier, the load current at any 
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Fig. 8—Recririzr D-c. Vouttace Wave at (A) No Loap, 
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instant is carried by the anode having the highest 
positive potential with respect to the neutral of the 
transformer secondary. The d-c. voltage wave at no- 
load has the form shown in Fig. 84. The undulation 
of the (voltage) wave is formed by the caps of sine waves 
of the transformer secondary phase voltages. As each 
phase assumes a maximum positive potential once 
during every cycle, the number of pulsations per cycle 
must be equal to the number of phases, and the fre- 
quency of pulsation or the number of pulsations per 
second must be equal to the product of the frequency 
of the a-c. supply and the number of secondary phases. 

If the transformer, the a-c. line, and generator supply- 
ing the rectifier were free of reactance, each anode 
of a p-phase rectifier would carry the whole d-c. current 


27 
eae part of a cycle only; thus, in Fig. 8, the 


2. Rectification of Alternating Currents, by O. K. Marti, 
A. I. E. E., Journat, Sept. 1926, Vol. 45, pp. 832-846. 
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whole load current would be transferred instantly from 
phase 2 to phase 3 at m and from phase 8 to phase 4 at 
nm. Under such conditions, the d-c. voltage wave under 
load would have the same form as at no load. 

Due to the unavoidable reactance present in thetrans- 
former, the current cannot die down nor build up 
instantly in any phase. Asa result, there are intervals 
during which two adjoining phases carry current simul- 
taneously, as the current in one phase is dying down 
and the current in the other is building up. This 
period of overlapping between two adjoining phases 
begins at the intersection of their respective sine waves 


- and continues until the current in the leading phase 


becomes zero. The angle of overlap wu is given by the 


expression 


XS 


BY/2sin = 
Pp 

in which I is the direct current, X the reactance per 
phase of transformer secondary* at the primary fre- 
quency, E' the effective value of phase voltage, and p 
the number of secondary phases.* 

The d-c. voltage during the period of overlapping is 
equal to the mean of the overlapping phase voltages. 

Using the point of intersection of phase voltages e; 
and é, (Fig. 8B) as the origin, these voltages may be 
expressed by 


(1) 


cosu = 1— 


ey = ByZcos(wi +) (2) 


— T 

és = E/Zeos (wt- =| (3) 

The d-c. voltage during the period of overlapping is 
é: +e a T 

= = "= Ev2 cos cos wt (4) 


When the period of overlapping is over, the d-c. 
voltage is equal to the voltage of the working phase. 

The average d-c. voltage E, (including the constant 
drop in the arc), is given by the expression 


E./2 sin 1/p Vee h os 
w/p AED 


The first term to the right of eq. (5) is the average 
d-c. voltage at no-load; the second term is the voltage 
drop at load current, J. The rectifier d-c. voltage wave 
under load is shown in Fig. 8B. Oscillograms Nos. 1 
and 2, Fig. 13, show rectifier voltage waves at no-load 
and full load, respectively. 

The magnitude of the angle of overlap, and therefore 


Ky = (5) 


3. Including equivalent reactance of transformer primary 
and line. 


4, For derivation of eqs. (1) and (8) see paper mentioned in 
footnote 2. 
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the shape of the d-c. voltage wave under load depend 
somewhat on the nature of the load. Eq. (1) was 
derived on the assumption that the current curve isa 
straight line. The angle w will be greater or less than 
that given by eq. (1) depending on whether the current 
during the period of overlap is greater or less than the 
average current. The difference, however, is negligible, 
and the voltage wave is assumed to be independent of 
the character of the load. 

The total height, h, of the ripple in the voltage wave 
is equal to the difference between the maximum and 
minimum ordinates of the wave. From Fig. 8B, it is 


: 1 - 
readily seen that for values of wu < ae: the maximum 
ordinate is equal to the amplitude of e2, while the mini- 
mum ordinate is equal to the value of e, for wt = u. 


Therefore, 


h = Ev2- E/Z cos —— cos u 


a Poe (1 — cos a cos u) (6) 


Expressing # as a fraction a of the average d-c. 
voltage at no-load (see eq. (5) ), 


d= 


Ev/2 sin ee 
Pp Pp 


Ev2(1 — cos cos u) 


Bey oC 
Sits os ae 
p »~ 


TV 
1 — cos — cos u 


(7) 
T . . . 
For values of u > wie the maximum ordinate is 


u, and the minimum 
Therefore 


equal to the value of e, for wt = 
ordinate to the value of e, for wt = u. 


h = Ev/2 cos (u— are, ss E/Z cos —— COS U 


= H/2 sin sinwu . (8) 


a 1 
EV/2 sin ee sin uw. 
i pies Ose (9) 
EB x/2 sin ——/—— 
Pp Pp 
The variation of the ripple in the d-c. voltage wave 
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with the number of phases, at no load, is shown by 
Curve 1 in Fig. 9. In the same figure are plotted the 
frequency of the main ripple and the ratio of the trans- 
former rating to d-c. load, to show the effect of the 
number of phases used on these quantities. The 
magnitude of the ripple naturally decreases as the num- 
ber of phases is increased; but to'counterbalance that, 
the size of the transformer increases with the number 
of phases. Furthermore, the frequency of the ripple 
increases with the number of phases, which is ite 
objectionable. 

In Fig. 10 are shown the variations of the cee 
ripple of a six-phase rectifier with the load on the 
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rectifier. The curves have been plotted from eqs. (7) 
and (9). The load is expressed as a ratio, I/I,. This 
ratio is deduced by rewriting eq. (1) as follows: 
j if mat i} iE 
CO I ER ee ae ee Te 
sin sini 
xX p p 
(10) 
EvV/2 
where I, = —- 


The point on the abscissa corresponding to full-load 
current of a rectifier is determined by the value of X, 
and therefore depends upon the design of the trans- 
former. The smaller the value of X for a given trans- 
former rating, the larger is J, and therefore the smaller 
the ratio I/I, at full load. The value of J/J, corre- 
sponding to full load is approximately 0.05. 


CURRENT WAVE 


It was shown above that the form of the rectifier d-c. 
voltage wave depends on the number of phases used and 
on the design of the transformer, and that it varies with 
the magnitude of the load; but is practically independent 
of the nature of the load. The wave consists of a d-ec. 
component equal to the average value of the voltage, 
on which is superimposed an alternating component 
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made up of the upper portions of sinusoidal waves. 
The alternating component is irregular in shape and 
cannot be expressed by a continuous function. It may 
be resolved into harmonic components by means of a 
Fourier series. The first harmonic has a frequency 
equal to the product of the frequency of the a-c. supply 
and the number of phases used; it is therefore the pth 
harmonic with respect to the a-c. voltage supplied to the 
rectifier. ‘The frequencies of the higher harmonics are 
multiples of the frequency of the first harmonic and 
since the positive and negative portions of the wave 
are not symmetrical, there are even multiples as well 
as odd. Thus, the d-c. voltage wave of a six-phase 
rectifier supplied by a 60-cycle system has an alter- 
nating component consisting of sinusoidal waves of 
frequencies 360, 720, 1080, etc., cycles. 

The general equation of the d-c. voltage of a p-phase 
rectifier, expressed in a Fourier series, is 
éa=Hz+A,snpwt+A,sn2pwt 

+A,;sn3pwt+... 


+A,,snnpowt+...+B,,cosp wt 
+ By,,cos2pwt+ 
+B,,;cos8pwt+...+ Byrcosnpwt+... 


(11) 

The voltage curve may be analyzed to determine the 
amplitudes of the various harmonics by any one of the 
well-known methods of analysis. 

A typical analysis of the alternating component in the 
d-c. voltage wave of a 60-cycle 6-phase rectifier under 
load, with and without a series reactor on the d-c. side, 
is given in the table below: 


Per cent amplitude of 

harmonic to d-c. voltage 
Order of Frequency in Without With 
harmonic cycles per sec. reactor reactor 
First 360 8.46 2.36 
Second 720 1.70 0.40 
Third 1080 0.95 0.28 
Fourth 1440 1.05 0.17 
Fifth 1800 0.71 0.12 
Sixth - 2160 0.58 0.10 
Seventh 2520 0.45 0.09 
Eighth 2880 0.39 0.08 


When the voltage wave with its d-c. and a-c. com- 
ponents is known, the shape of the current wave may 
readily be determined when the constants of the load 
are known. 

A six-phase rectifier with a generalized d-c. load is 
shown in Fig. 7. The load may consist of one of the 
following combinations. 

1. Resistance only (R). 

2. Resistance and back-e.m.f. (R + E,). 

3. Resistance and inductance (FR + L). 

4, Resistance, inductance, and back-e. m. f. 
(R+0+4 #). 

1. Resistance only. With a load consisting of resis- 
tance only, such as a lighting or heating load, thecurrent 
wave has the same shape as the voltage wave; 7. e., the 
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harmonic components in the ripple bear the same ratios 
to the average value of current as in the voltage wave. 

2. Resistance and back-e. m. f. With a load con- 
sisting of resistance and a constant back-e. m. f., such as 
a battery, the shape of the current wave depends upon 
the relative magnitude of the average d-c. voltage, Fa, 
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Fig. 10—Curvres SHOWING VARIATION OF THE ANGLE OF 


OVERLAP AND HeicuT or RIPPLE WITH THE LoapD 


and the back-e. m. f., Hy. The conditions are shown 
in Fig. 11. The current is produced by the portion of 
the voltage wave lying above the line b b’, the average 
value of which is H;— Hy. The ratio of the height h 
of the ripple to this voltage is greater than its ratio © 


to E, (eqs. 7and 9) in the proportion of The 


mealies. 
E,— EE,’ 
ripple in the current wave, therefore, has the same 
shape as that of the voltage wave; but the percentage of 


iy : : 
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the current ripple is greater than that of the voltage 


Aeeapataey eae es Ea 
é inthe ratiol., — sae. 

ripple i eee 

3. Resistance and inductance. With a load consist- 
ing of resistance and inductance, such as a lighting or 
heating load fed over a line having a certain amount of 
inductance, or with a series reactor connected into the 
d-c. circuit for smoothing out the wave, the average d-c. 
current is equal to the ratio of average d-c. voltage to 
the resistance: Jz = E4/R. The amplitude of the nth 
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harmonic in the current ripple, however, is equal to the 
height of the corresponding harmonic in the voltage 
ripple divided by the impedance of the circuit to that 
harmonic: 
ifs = Bi VV se 2) Ge 
From the above, 


ie R E, 
Bale lee REARS ton Es 
(12) 
1 E, 
afi ket ode! 


7. e., the percentage of the mth harmonic in the current 
wave is less than that of the corresponding harmonic 
1 


ea, 
(1+ 4: 


which X, = p 7 Lis the reactance of the circuit to the 
mth harmonic. It is seen from the above that the 
inductance has a smoothing effect upon the current 
wave, and the smoothing action is greater for the higher 
harmonics. 

4, Resistance, inductance, and back-e. m. f. This 
type of load is by far the most common load supplied 
by rectifiers, as it is characteristic of all d-c. motors. 
While starting, when the speed of the motor is zero, 
the back e. m. f. is also zero, and the load conditions 
are as given under 3. When the motor is running, a 
back e. m. f. is generated, in opposition to the applied 
e. m. f.;*the voltage conditions are then as shown in 
Fig. 11. The current is produced by the portion of the 
voltage curve lying above line b b’, as for load 2. The 
load here, however, is inductive and the current wave is 
consequently smoothed. The average d-c. current, 


Ha— Ey 
R 


in the voltage wave by the ratio of 


I, = 


The amplitude of the nth harmonic in the current wave, 
1, = E.,,//R? 3 a! 


Ly R ie, 
> JR Xe ha EB, 
1 E, (13) 
% Kane ( zi) . OF 
1 1 
Vie 


From eq. (13) it is seen that the percentage of the nth 
harmonic in the current wave is smaller than the corre- 
sponding harmonic of the voltage wave in the proportion 


of 
E, ) 
Ea 


1 


J1+4z.(1- 
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the symbols having the same meaning as in eq. (12). 

The series d-c. motor, used for railways, hoists, etc., 
is the most common motor fed by rectifiers; in fact, it is 
the favorable characteristics of the series, d-c. motor 
for traction purposes. which have brought about the 
present large scale conversion from a-c. to d-c. The 
series motor is also the most favorable load for smooth- 
ing out the ripples in’ the current wave, due to the 
inductance of the series field of the motor. In oscillo- 
gram No. 3, Fig. 13, are shown the voltage and current 
waves of a rectifier supplying a railway load. The 
oscillogram was taken on.a 1500-volt rectifier at 200 per 
cent of the rated load when the voltage ripple is greater 
than at rated load, and shows the smoothing effect of 
the series motor on the current wave. 


A further smoothing out of the current, and also of 
the voltage wave supplied to the line can be realized by ~ 
connecting a reactor into the d-c. lead of the rectifier. 
The smoothing of the voltage wave is produced by the 
a-c. voltage drop across the reactor, due to the ripple in 
the current. The effect of the reactor on the current 


‘ sep .&g 


Fig. 12—VourTace CoNnDITIONS OF RECTIFIER OPERATING IN 
PaRALLEL WitTH RotTary CONVERTER OR D-c. GENERATOR 


and voltage waves supplied to the line by a rectifier is 
shown in oscillogram No. 4, Fig. 18. The oscillogram 
was taken at approximately the same load and under 
the same conditions as oscillogram No. 3, except that a 
series reactor of approximately 38 millihenrys was 
connected into the circuit when oscillogram No. 4 was 
taken. 

When a rectifier operates in parallel with a rotary 
converter or a d-c. generator which has a smoother 
voltage wave than the rectifier, the resultant line voltage 
and current waves are smoother than those of a rectifier 
alone. This condition is shown in Fig. 12. In this 
sketch, e, is the voltage wave of the rectifier and e, that 
of the rotary machine. For the sake of simplicity, the 
commutator ripples of the rotary machinearenot shown. 
The smoothing of the voltage wave is produced by the 
interchange of a small alternating current between the 
rectifier and the rotary machine. 


The interchange current is produced by the alter- 
nating component in the difference of the two voltage 
waves. The a-c. voltage drop in the reactance of the 
rectifier transformer, produced by the a-c. current com- 
ponent flowing between the rectifier and rotary machine, 
reduces the ripple in the voltage wave of the rectifier. 
In this respect, the rotary acts somewhat as a shunt 
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condenser across the rectifier in that it absorbs an 
alternating component. 

When a series reactor is connected into the d-c. lead 
of a rectifier operating in parallel with a rotary, the 
wave of line voltage is improved on account of the 
additional drop in the reactor due to alternating inter- 
change current. 


The above conditions are clearly shown in oscillo- 


Za 2 zs : Os 
_Reetifier D0 Tol tee 7 
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Fig. 13—OscrtnoGrRaMs OF VOLTAGES AND CURRENTS OF A 


1500-Kw., 1500-Votr Rectirimr 


No.1. D-c. voltage wave at no load. 


No.2. D-c. voltage wave under load. 

No. 3. Waves of voltage and current supplied to railway load, rectifier 
working alone. 

No. 4. Waves of voltage and current supplied to railway load, rectifier 
working alone with a series reactor. 

No. 5. Waves of voltage and current supplied to railway load, rectifier 
working in parallel with rotary converter in the same station. 

No. 6. Waves of voltage and current supplied to railway load, rectifier 
working in parallel with rotary converter in the same station and with a 
series reactor in the rectifier circuit. 


grams 5 and 6, Fig. 138. Oscillogram No. 5 was taken 
with a rectifier operating in parallel with a rotary in 
the same station. Oscillogram No. 6 was taken at 
about the same current and under the same conditions 
as oscillogram No. 5, except that there was a series 
reactor in the rectifier circuit. 


The effect of various load conditions on the wave form 
of rectifier voltage and current having been discussed, it 
might be of interest to mention here that extensive 
tests have been carried out to determine the effect of the 
undulations in the waves upon the load connected to a 
rectifier. For this purpose, batteries and shunt-wound 
and series-wound motors were connected, first to a 
battery (7. e., a constant d-c. voltage supply), then toa 
rectifier fed, respectively, bya single-phase, three-phase, 
and six-phase a-c. supply. With six-phase operation, 
no difference in the efficiency as compared to operation 
on a battery could be noticed in the case of either 
motor; nor did the undulations have any effect upon 
commutation. 


It can readily be seen that the undulations in the d-c. 
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voltage will have no effect upon the usu allighting 
circuits, since the frequency of the undulations is high 
and their magnitude small as compared to the 60-cycle 
a-c. voltage used for lighting. 

The presence of these ripples in the d-c. voltage wave 
of a rectifier, particularly the harmonics lying within 
the audible frequency band, has raised the question of 
their influence upon neighboring communication cir- 
cuits. This influence has been detected in connection 
with about 5 per cent of all installations and was found 
to be due either to close spacing between communication 
circuits and rectifier feeders, to bad insulation condi- 
tions, or to a grounded method of operation on part of 
the communication system for certain types of service. 
The cause of the interference is similar to that which 
results in disturbances in communication or signaling 
circuits which parallel high-voltage supply lines at 
small separations and for long distances; 7. e., induced or 
leakage currents and voltages due to harmonics in the 
voltage wave.“ When, as in the case of street railway 
systems, one side is permanently grounded, the ripples 
may appear in the communication circuits, especially 
when the method of operation or interconnection in- 
volves grounded equipment, wet soil conditions aggra- 
vating the case materially. The problem may be solved 
by the elimination of the exposure, the employment of a 
non-grounded method of operation or interconnection, 
or the utilization of a so-called filter, which consists of a 
combination of inductance and capacitance, so arranged 
in the circuit as to smooth out the high-frequency 
ripples in the voltage wave of the rectifier. To the 
knowledge of the authors, such filters have been found 
necessary in but few cases. Thesubject ismertly men- 
tioned here, as a thorough discussion of the question 
would lead beyond the scope of this paper. 


COUNTRY IS ALWAYS HUNGRY FOR 
MORE ELECTRIC POWER 

The United States is continuing its steady increase in 
demand for electricity. The government figures for 
power production for the month of May have just been 
issued showing that the country in that month used 
6,515,570 kw-hr. of current. This is almost exactly 11 
per cent greater than the May power consumption a 
year ago, and 1 per cent ahead of April of this year. 

The usual balance was maintained as between power 
generated by falling water and power generated by 
fuel-burning plants. In May, waterpower produced 
2,632,333 kw-hr. of energy and fuel 3,883,197 kw-hr. 
In the fuel plants were consumed 3,234,000 tons of 
coal, 510,000 barrels of oil and 4,829,000,000 cu. ft. 
of gas. 

The nation’s power plants use more coal and gas and 
less oil than they did. Coal consumption during May 
jumped from 85,000 tons to 104,000 tons a day and gas 
from 62,000,000 cu. ft. to 155,000 cu. ft. per day, but 
oil has dropped from 23,000 barrels to 16,800 barrels. 
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Discussion at Winter Convention 


SYNCHRONOUS MACHINES—III 
(DoHERTY AND NICKLE) 
New York, N. Y., Fesruary 7, 1927 

J. F. H. Douglas: I wish to ask a question regarding the 
paragraph which reads, ‘‘It will be observed that the slope of 
the dotted line is still positive beyond the maximum power 
point of stable, steady-state operation. This means that if a 
machine were operating beyond the angle corresponding to maxi- 
mum, steady-state power, say at 100 electrical degrees, the 
machine would be stable under sudden changes, although the 
steady-state characteristics at that point indicate instability.” 
Iam somewhat curious to know under what operating conditions, 
if any, this becomes of interest? 

The curve in Fig. 7 involves not only ‘sin 6 but also sin 26; 
that is, it quite obviously contains a second harmonic. I believe 
this is fully recognized in the paper, and I simply wish to call 
attention to the fact that most textbooks do not recognize the 
existence of this second component, and that it is very important 
that it should be recognized inasmuch as it greatly increases 
torques in the stable operating range. 

R. D. Evans: I was much interested in the question raised 
about the increased power limit obtainable by means of auto- 
matic control of excitation. I interpret the answer given by 
Mr. Nickle as giving essentially the same idea as what was incor- 
porated in the term “‘artificial stability,’ a term coined by Mr. 
Shand in 1924. At that time it was thought impossible in actual 
operation to obtain a condition of increased power limits by that 
process. 

Subsequently we made tests of a somewhat similar nature to 
that described by Mr. Nickle. These test results given in the 
closing discussion! on the Evans and Wagner paper at the 1926 
Midwinter Convention, were the first experimental verification 
of the fact that increased power limits were actually obtainable. 
I might liken the condition of increased stability by control of the 
excitation to the process of maintaining equilibrium by the 
artificial process of juggling. Up to 90 deg., or actually some- 
what less, it is possible to obtain stable operation inherently. 
Beyond that point, equilibrium may be maintained artificially 
but it is necessary to use automatic devices. This corresponds to 
the action of a juggler in making a corrective action after the 
system has started to pull out. This action on a power system is 
possible because of the time required for the system to pull out 
of step. 

In the presentation Mr. Nickle described a mechanical system. 
We, too, have found such a system to be very good for the purpose 
of visualizing the actions taking place during the transients. 
Analytically, the actions are quite complicated, but they can be 
understood by a suitable mechanical model by adding inertia 
to the vector arms, and a spring connecting them. Mr. Griscom 
described a system of this general character in an article entitled 
“A Mechanical Analogy to the Problem of Transmission Sta- 
bility”? Electric Journal, May 1926. I notice that Mr. Nickle 
has described the addition of a dashpot to the arrangement which 
makes it possible to simulate the condition of the demagnetizing 
action ina machine, which changes the internal e. m. f. and brings 
about the change of machine reactance from leakage to syn- 
chronous reactance. ; 

W. V. Lyon: Mr. Doherty and Mr. Nickle have presented 
in this paper an ingenious method for analyzing, what I believe 
to be, a very difficult problem. They have founded their 
analysis on what seem to be a reasonable set of premises. These 
premises have been so well chosen that in the subsequent mathe- 
matical work it is necessary to make but one simplifying assump- 
tion in order to arrive at a finalresult that is not unduly compli- 
cated. Whether or not thismethod of analysis produces accurate 
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results can be determined only by laboratory experiment, and 
it is to be regretted that such data are not available at the presnet 
time. In fact we have at the Massachusetts Institute of Tech- 
nology measured the torque-angle characteristic of a small 
svnchronous motor when the load torque varies eyclicly. To be 
more exact we measured the power-angle characteristic, although 
there is but little difference between the two. Unfortunately 
IT have had no opportunity to compare these results with Mr. 
Doherty’s calculations. 

In the third part of their paper where they consider the 
question of synchronizing out of phase, I should much prefer to 
see them follow the methods that have already been developed 
for computing the fransient currents in a three-phase synchronous 
generator. The first shock on the machine, coming as it does 
within the time of one eycle, would probably occur before the 
rotor has swung more than a negligible amount. The methods to 
which I refer are based on the differential equations which 
apply to synchronous machines, whereas Messrs. Doherty’s 
and Nickle’s treatment has no such fundamental background. 
Since, however, the differential equations assume certain ideal 
conditions that do not exist, it is possible that their method 
will actually give better results. Here, again, laboratory ex- 
perience only can decide. 

I should like to suggest another method of attacking this 
problem. The premises upon which it is based are much the 
same as the authors have chosen. Briefly the assumption is 
that the vector diagrams which are used to explain the steady- 
state operation may also be used when the angular velocity of 
the rotor is not constant. The actual condition of operation 
can be resolved into two component conditions of operation as 
follows. First, consider that the armature is short-circuited and 
that normal excitation voltage is impressed on the field. The 
determination of the armature and field currents is a simple 
process even if the angular velocity of the rotor is slowly 
changing. Next, consider that the field winding is short-circuited 
and that normal polyphase voltage is impressed on the armature. 
Here we have an induction motor with an unsymmetrical rotor 
winding. The determination of the armature and field currents 
is again a fairly simple process which is well understood. It 1s 
only necessary to assume that the currents are determined by 
the actual angular velocity of the rotor and are not affected by 
its acceleration. Laboratory experiments alone can determine 
whether this assumption is reasonable. Under the actual con- 
dition of operation both of these components of current exist 
simultaneously and the resultant torque can be computed without 
much difficulty. We can then set up the differential equation 
which equates the electromagnetic torque developed equal to the 
sum of the torques acting on the shaft and that due to the accelera- 
tion of the rotor. Although I have had no opportunity to make 
this solution in detail I have gone far enough to see that there 
are no insurmountable difficulties in the path. 

H. V. Putman (communicated after adjournment): It would 
seem that the damping torque calculated by the authors is not 
the actual damping torque of the motor. Actually, the damping 
torque is proportional to the rate of change of only that part of 
the displacement between the pole and the electrical field, 
while the damping torque calculated by the authors is proportional 
to the rate of change of the total displacement. Such a radical 
departure from the accepted ideas about this problem, is at least, 
worthy of further explanation. 

‘There is another peculiar thing about this damping torque 
Ta calculated by the authors. It was obtained by substituting 
in a formula for the synehronizing torque derived under the 
assumption of steady-state conditions. They state that equation 
(11) which is the synchronizing torque under steady conditions, 
gives the torque not merely for the steady state but for any con- 
ditions within the premises when the actual values of the nominal 
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voltages and the displacement existing at the moment under con- 
sideration, are substituted. Substituting these values for the 
oscillatory condition in this formula, for the synchronizing 
torque, gives a vector expression of which one term is the syn- 
chronizing torque, and the other, so the authors claim, is the 
damping torque. It at least seems peculiar that one could 
obtain a damping torque by substituting in a formula for the 
synchronizing torque, derived under steady-state conditions 
and one would be inclined to question the premises which could 
lead to these conclusions. 

If I understand the paper correctly, it seems to me that the 
fundamental assumption made by the authors, is unjustifiable. 
They assume that the whole phenomenon discussed in part A 
ean be handled as the result of two transformer actions, one tak- 
ing place in line with the pole, and the other in line with the inter- 
polar space. The armature current has been resolved into two 
components, one in line with the average position of the field pole, 
the other in line with the average position of the inter-polar space. 
The modulation of these components of current causes the arma- 
ture reactions produced by them to pulsate in magnitude. So 
the armature reaction produced by the direct component of 
current, for instance, pulsates in magnitude in line with the 
average position of the field pole. It is not in line with the field 
pole at every instant of time, as assumed by the authors, and 
hence, it would seem that the phenomenon can not be calculated 
as a simple transformer action if the damping torque is to be 
obtained correctly. If this assumption is not made, the problem 
might become more complicated but the damping torque, would, 
in all probability be found to depend on only that part of the 
displacement between the pole and the electrical field. 

I think that the mathematical work from equation (14) to (21) 
could be much simplified as follows: 

A T is the pulsating motor torque resulting from an oscilla- 
tion AO which was shown to be a harmonic function of s ¢ that is 
AO is a function of the type 


Asinst + Beosst (1) 
and the total motor torque is of the form 
AD = TAO 4772 (2) 
but since AO is an harmonic function of ¢ t, it is evident that: 
j j 
Ad = — A6 or Ab = — Q (3) 
s dt 8 


Ket 
substituting (3) in (2) gives eater Pa Be T. 
S 


which is the author’s equation (21). 

I found the explanation given in the paper for this part of the 
work, more confusing than clarifying, because of the confusion 
of the units involved. For instance, the well-known equation 
for torque consumed in any mechanical system, which is the 
authors’ equation (16) involves torque in foot-pounds, and time 
in seconds and angular velocity in mechanical radians per 
second. Also equation (17) involves time in seconds and when 


I : cRifiohls. <i ten ae : 
one puts ay = jw, the differentiation is with respect to time 


in seconds. 

I have been much interested in this percentage representation 
of the time unit, but it seems to me that the use of time expressed 
as a fraction of the time corresponding to one electrical radian 
at normal frequency, is actually somewhat cumbersome. For 
instance, if time is in seconds, one obtains the damping torque 
in units of torque per radian per second, and one can mark his 
answer exactly what it is. But how does one express damping 
torque in the time units used by the authors? They define it 
as ‘‘the damping constant, torque corresponding to unit electrical 
angular velocity.”’ Unit electrical angular velocity is the angular 
velocity in electrical radians per second, divided by w so that 
when one obtains the damping torque in the units used by the 
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authors, he is rather puzzled as to how it is to be used until it has 
been transferred into electrical radians per second or some other 
tangible unit which can be defined. 

R. H. Park: Mr. Putman states in his discussion that 
‘Actually, the damping torque is proportional to the rate of 
change of only that part of the displacement between the pole 
and the electrical field, while the damping torque calculated 
by. the authors is proportional to the rate of change of the 
total displacement. Such a radical departure from the accepted 
ideas about this problem, is at least, worthy of further 
explanation.” 

The explanation of this phenomenon is as follows: At any 
given frequency of motion of the rotor there will exist a harmonic 
electrical torque on the rotor of the same frequency and pro- 
portional to the amplitude of oscillation, the constant of pro- 
portionality depending in general on the frequency of oscillation. 
In general, there will be a difference in the time phase of the 
torque and the displacement. The total harmonic torque, 
however, may be broken up into two components, one in time 
phase and one in time quadrature with the displacement of the 
rotor. The component in time phase with the total displacement 
is referred to as the synchronizing component of torque. The 
component in time quadrature is referred to as the damping 
component of torque, because it is in time phase with the rate of 
change of displacement—i. e., in time phase with the velocity. 
Therefore it is quite clear that at any given frequency of oscilla- 
tion the electrical torque is capable of being expressed as 

(a constant) xX total displacement) + a constant) 
x rate of change of total displacement). 
It is also true, as shown below, that at any given frequency of 
oscillation the torque may be expressed as 
(a constant) X (relative displacement of magnetic field and 
pole) + (a constant) (rate of change of relative 
displacement of magnetic field and pole). 

Since, at any given frequency the relative displacement 
of the field and pole is in constant relation to the total dis- 
placement of the rotor provided that the oscillations are small 
as was assumed. 

Mr. Putman also raises a question as to the reasonableness 
of the process by which the synchronizing and damping com- 
ponents of torque were calculated by substituting in the steady- 
state formula for synchronizing torque. The legitimacy of this 
method of calculation is explained most simply from the following 
considerations. 


1. The electrical torque on the rotor depends only on the 
instantaneous distributions of flux and current in the machine. 


2. Neglecting armature resistance, the distribution of flux 
and current in a machine, and therefore also the magnitude of 
torque, are known uniquely when the magnitude of the direct 
and quadrature nominal e.m. fs., terminal e. m.f., and the 
displacement angle between the rotor and the terminal e. m. f. 
are known. (It is to be noted that nominal voltage is to be 
interpreted as the percent armature flux linkages due to the 
direct component of field current, quadrature nominal voltage 
similarly and terminal voltage as the percent total armature 
linkages). 

3. Although the formula in question was originally derived 
in the study of the magnetic torque under steady conditions of 
operation, and was therefore expressed in terms of the nominal 
and terminal voltages and the displacement angle, nevertheless, 
since the torque, at any instant, actually depends only upon the 
instantaneous values of these quantities, it follows, as stated in 
the paper, that the formula may be extended in scope so as to 
cover variable conditions of operation. 

Since the formula expressed the electrical torque completely, 
it must contain all component torques; thus it must contain 
both synchronizing and damping components. As shown in 
the paper, this is found to be the case. The correctness of the 
torque formula employed can, moreover, be demonstrated in a 
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more explicit manner than given above. I propose to give such 
a demonstration in a paper to be presented before the A. I. E. E. 
in the near future. 

C. F. Wagner (communicated after adjournment): During 
the discussion of this paper the question of the efficacy of voltage 
regulators and exciters in increasing the amount of power has 
arisen. This brings up the question as to whether the improve- 
ment so obtained could be attributed to the regulator or to the 
exciter. It is apparent that both must be sufficiently rapid; 
a long time lag in either regulator or exciter being approximately 
equivalent to conditions under hand regulation. It has been the 
experience of the Westinghouse Company with which I am 
associated that their standard vibrating voltage regulator, 
which is used with standard exciters, is sufficiently rapid even for 
quick-response exciters. This becomes apparent when it is 
known that the contacts of such a regulator close in a fraction 
of a cycle (at 60 cycles) under reduced potential. In light of 
these facts one must conclude that the improvement in power 
limits are due to improvements in exciters rather than improve- 
ments in regulators, the regulators as already developed being 
sufficiently satisfactory. 

C. A. Nickle: Mr. Douglas has asked about the operation of 
synchronous machines above the steady-state power limit. In 
answering this question, a simple case with a cylindrical-rotor 
generator connected to an infinite bus will be considered. If 
the terminal voltage of the infinite bus is e, and e; is the nominal 
voltage of the generator, the power interchange between the 
generator and the bus is given by 


ee ; 
: sin 6 


where x is the synchronous reactance of the machine. Evi- 
dently, when e, e, and x are constant, this expression has a 
maximum when 6 = 7/2. If, however, ¢: is caused to vary in 
such a manner as to become a definite function of 6, the expression 
for power may have its maximum for values of greater than 
7/2 and the maximum power is increased. Operation beyond 
the steady-state power limit thus depends upon applying the 
proper excitation at the proper time. ; 

By means of a new voltage regulator which we have developed, 
such requirements are fulfilled and machines have been caused 
to operate beyond the steady-state power limit by a considerable 
amount. To illustrate this, the following test may be cited. 
Two 435-kvy-a. synchronous machines were connected to the 
same bus, one being driven as a generator and the other running 
asamotor. The rated voltage of these machines was 4000 volts 
and since, at this voltage, the possible power transfer would 
seriously overload the direct-connected, direct-current machines, 
all tests were run at a reduced voltage; 7. e., 2200 volts. The 
maximum power obtained in tests where the terminal voltage was 
held by hand-controlled rheostats and also by standard regu- 
lators, was 180 kw. The use of the new regulator increased this 
power to 480 kw. or almost triple the value which could be ob- 
tained by ordinary methods. The angular displacement between 
the rotors of the two machines when operating at these loads was 
considerably beyond 90 deg. as was verified by means of strobo- 
scopic observations. The torque-angle characteristics for angular 
displacements beyond the steady-state limit thus have a physical 
significance as well as a theoretical one. 

R. E. Doherty: Mr. Evans has referred to the term, ‘‘artifi- 
cial stability,’ coined by Mr. Shand, as applying to operation 
beyond the ‘‘static’”’ stability limit. Why coin a new term, since 
classical usage has long since specified such a state as ‘‘dynamic”’ 
stability, in contra-distinction to ‘‘static’’ stability? It is the 
distinction between the stability of a boy riding a tricycle in one 
case and a bicycle in the other. 

He refers also the discussion which took place at the Phila- 
delphia Convention in 1924, regarding power transmission, and 
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states that ‘‘at that time it was thought impossible in actual 
operation to obtain a condition of increased power limits by that 
process,” that is, by dynamic stability. There were a number of 
opinions expressed at that meeting regarding stability. I 
remember that I expressed this particular one: that, considering 
the then present stage of electrical engineering art, and the 
extent to which the studies under consideration projected beyond 
the limits of experience, we should ‘‘neither gamble that a volt- 
age regulator will be able to insert a supporting prop under an 
otherwise falling system, nor depend for stability during load 
transients, upon possible, momentary, favorable conditions due 
to momentum and field transients. These may add up in the 
right direction, but engineers had better keep them up their 
sleeves . .”’ Mr. Nickle’s investigation since that time has 
demonstrated that synchronous operation far beyond the steady- 
state limit is possible. Thus the mechanical momentum can be 
utilized in this connection to a much greater degree than was 
thought possible at that time. 

I hope that the importance of Mr. Nickle’s tests may not be 
overlooked. The greatest increase above the steady-state power 
limit which Mr. Evans and his associates state that they have 
obtained on test is about 20 per cent. I wish to call attention 
to the fact that in Mr. Nickle’s test, the steady-state limit was 
180 kw., and that, by the use of a new regulator which he has 
developed and which applies excitation not merely quickly, 
(i. e. not merely ‘‘high-speed excitation’ but at the right time 
phase), it was possible to raise the power from 180 to 480 kw. 
And, in my opinion, he has written a new chapter in the story 
of long-distance power transmission. 

Mr. Wagner refers to test results given in the closing discussion 
of the Evans and Wagner paper at the last Midwinter Conven- 
tion, both as being ‘‘similar’’ to those mentioned by Mr. Nickle, 
and as being ‘‘the first experimental vertifications that increased 
power limits were actually obtainable.” . 

How similar? They showed an increase of 20 per cent. Mr. 
Nickle’s test showed an increase of 160 per cent beyond the 
power corresponding to the steady-state limit—7. e. from 180 
to 480 kw. 

Over a year before, the paper by Doherty and Dewey, at the 
Pacific Coast Convention, September, 1925°, has test results 
showing a 28 per cent increase in power above the steady state 
limit. 

We are pleased to note that Professor Lyon considers the 
authors’ premises to be reasonable; also that M. I. T. expects 
to make some experiments along these lines. Prof. Lyon 
mentions another possible method of attack which is interesting, 
and I hope that he may have an opportunity to carry this through. 


Mr. Putman has raised some interesting points which the 
authors are glad to have the opportunity to clearup. Mr. Park 
has answered the question regarding the damping torque, and the 
particular angular velocity on which it depends; also he has 
shown why the torque formula referred to is applicable in general, 
and therefore in the present case. The authors acknowledge 
that there should have been further explanation regarding this 
point in the paper. 

With reference to his proposal to simplify the mathematics: 
both ways are now available, so the reader may choose to his 
liking. 

Mr. Putman’s statement regarding the authors’ alleged 
assumption relating to the reference axes is interesting and 
requires detailed comment. The basic conception is a syn- 
chronous machine connected to an “‘infinite bus,’’ and experienc- 
ing a periodic angular oscillation. Under such conditions the 
magnitude of the space fundamental component of armature 
m. m. f. will pulsate periodically. Moreover, on account of the 
variation of power factor during each oscillation of the rotor, the 
position of the m. m. f. wave with respect to synchronous space 
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will vary periodically—at the same period as the pulsation in 
magnitude. 

The question is, how shall these phenomena be expressed? 
One may choose the premises which the authors have actually 
chosen, or those which Mr. Putman understands that they have 
chosen, and the result will be the same; that is, one may assume 
the component of the fundamental m.m:f. wave over the 
pole (2. e. the direct component) and likewise the quadrature 
component, to vary harmonically; or, as Mr. Putman suggests, 
that the components in line with the average positions of the 
pole axis and the quadrature axis, vary harmonically. In the 
first case it is tacitly assumed by the authors that those varia- 
tions of the m. m. f. in line with the pole other than the harmonic 
variations, are negligible, being second-order differences under 
the assumed extremely small oscillations. And it is these 
negligible differences to which Mr. Putman has apparently 
assigned an undue importance, as shown in the following: 

Referring to the accompanying figure, let 6; be the angular 
displacement between the average position of armature m. m. f. 
wave and the average position of the direct axis of the rotor, 
both of which positions are fixed references in synchronous 


Fig. 1 


space. Also, let the total armature m. m. f. wave vary harmoni- 
cally in amplitude according to the expression. 
GA + A Acos st 
and let the position of the m.m.f. wave vary harmonically 
about its average position according to 
Abqg = Ad: cos (st + B) 

The harmonic oscillation of the direct axis about its average 
position is . 
A6, = AO; cos (st + B:) 

The total angular displacement between the armature m. m. f. 
wave and the direct axis of the rotor at any instant is then 

6 =6, + Adz cos (st +8) — Ad; cos (st + Bi) 

Thus the component of m.m.f. which exists in the direct 
axis at all instants is 
Aq = (A + AA cosst) cos[ A; + Ab, cos (st + 8) 

rs Abs cos (s t + By) \l2 

Expanding, and taking advantage of the close approximation 

that for small angles 


Sin 
Ag~g=[A+AAcosst!1] 
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<6. cos (st +B) — 46; cos (st + 81) >? 
[ cosd 1 — 5 


— sind, {Ad, cos (st +8) — Ad; cos (st + Bi) | 


Neglecting second order terms, 

Aq = Acoso; + [AA cos6, cosst — A sind, {Adz cos (s t + B) 
— Adscos (st +:) } ] 

Likewise for A q. 

Hence the m. m. f. in the direct axis, that is over the pole, or 
in the quadrature axis, at all instants comprises a constant term 
plus a harmonically varying increment—which is the form taken 
by the authors. 

It is recognized generally that the problem of bringing about a 
quick change in the exciter voltage is important. The point 
which does not yet appear to be recognized in Mr. Wagner’s 
discussion, is the very important part which the regulator plays. 
From his discussion, one is clearly led to the conclusion that his 
sole criterion regarding the efficacy of the regulator is whether its: 
contacts close promptly on the occasion of a sudden voltage 
disturbance. Thoughtful consideration must nevertheless surely 
indicate that the subsequent behavior of the regulator is of equal 
importance. However, such questions as he has raised cannot be 
effectively settled by verbal discussion. Mr. Wagner’s view 
would be immensely more convincing if, instead of submitting 
the time required for the regulator contacts to close, he had 
adduced some test results obtained by the use of the standard 
vibrating regulator which he mentions, such test results showing 
an increase in power over the steady-state limit comparable with 
those brought out in Mr. Nickle’s and my discussion. 


STARTING PERFORMANCE OF SYNCHRONOUS 
MOTORS! 
(PuTMAN) 
New York, N. Y., Fepruary 7, 1927 


R. H. Park: In the treatment of a complex problem such as 
the starting performance of a synchronous motor, it is necessary 
to employ simplifying assumptions to facilitate the calculation. 
At the same time, it is desirable to keep in mind just what 
assumptions have been employed. 


On studying Mr. Putman’s paper, I listed the assumptions 
that I found in it as follows: First, that the machine has a uni- 
form air-gap. Second, that rotor bar reactance and resistance 
is equal for all rotor bars. Third, that only space fundamental 
of air-gap flux is considered. Actually, the rotor currents will 
produce a considerable amount of flux that is not space funda- 
mental. This flux will be leakage reactance flux and will have 
a good deal to do in the determination of the distribution of rotor- 
bar currents. Fourth, the numerical value of all rotor-bar 
currents is assumed equal, even with the field closed. Fifth, 
the electrical phase angle in time of the rotcr bar currents is 
assumed equal to their electrical space separation. This would 
be true in an induction motor, but actually, on account of the 
non-space fundamental air-gap flux, that is, leakage reactance 
flux, the phase angles will be different. Sixth, the effect of 
armature resistance is neglected. The effect of armature re- 
sistance will be important in determining the torque at half 
speed. In view of the approximations involved in these 
assumptions, it is, I think, particularly interesting that Mr. 
Putman is able to secure results which cheek tests. 

P. L. Alger: Mr. Putman’s ways of taking into account the 
width of pole are of the machine, and the single-phase reaction 
of the field winding, are very interesting. And, the close checks 
he gets with test results indicate that his method is at least 
approximately correct. 

However, I feel that some of the bold approximations he has 
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made, seriously limit the generality of his conclusions. For 
example, he assumes the stator resistance to be zero, and thus 
entirely neglects the dip in torque at half speed which oceurs with 
any unbalanced rotor. Also, he asumes the current in every 
squirrel-cage bar to be the same, whereas, as a matter of fact, 
we know that the outside bars of a squirrel cage always carry 
more current during the starting period than the middle bars. 
Finally, he has combined the effects of the field and the squirrel 
cage by entirely neglecting the action of the squirrel cage in the 
field axis. That is, he has,assumed the field winding to havesuch 
low impedance in the direct axis that the squirrel-cage current 
in this axis is negligible. These approximations are in addition 
to those he has mentioned in the paper. 

Mr. Putman coneludes from his study of double squirrel-cage 
synchronous motors that they are of no practical importance. 
While there is a measure of truth in this conclusion, there is 
much to be said on the opposite side of the argument. The 
difficulty of getting enough space in the pole tip to insert a 
satisfactory type of double squirrel-cage is the most fundamental 
part of the problem. The L-bar type of squirrel-cage Mr. 
Putman employed is not the best for this purpose, since the im- 
pedance cannot be made high enough to reduce appreciably the 
starting current with the field closed. By usinganopen-circuited, 
or idle, steel bar above the squirrel cage proper, a higher impedance 
ean be obtained in the same space, and thus a material reduction 
of starting current can be secured. However, the reduction 
possible is not great enough to warrant the extended use of this 
construction. ; 

The primary object of a double squirrel-cage is to reduce the 
starting current on full voltage sufficiently to avoid the use 
of a starting compensator. Therefore, all those machines whose 
starting currents are only about 20 per cent higher than permissi- 
ble for full-voltage starting can be brought within the per- 
missible class, and so can be made considerably cheaper by the 
use of the special construction. When the torques are compared 
on the basis of the same starting current, the two types then 
give comparable results. 

Quentin Graham: I made an experimental investigation 
several years ago which showed a number of interesting facts 
concerning synchronous-motor starting performance. Chief 
among these was the enormous effect of the field winding on the 
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speed—torque curve, a fact which is clearly shown in Mr. Putman’s 
paper, and which, I believe, has not been appreciated fully by 
designing engineers. A typical set of curves illustrating this 
point is shown in Fig. 1 herewith. Curve A is the speed—torque 
characteristic of the motor with its field winding open-circuited 
so that the squirrel-cage winding furnishes all the torque. If 
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the field winding is closed on itself the torque characteristics are 
as shown by Curve B. It will be seen that the torque at low 
speed is about the same but that it increases greatly for low values 
of slip. Curve C shows that with resistance in the field circuit 
the cusp is almost entirely removed although the torque is 
changed very little at the extremities of the curve. By making 
use of these characteristics, determined first experimentally, we 
have been able to use relatively high-resistance cage windings 
with consequent high starting torque and low starting current. 
The field winding takes care of the torque at low values of slip and 
the judicious selection of a field starting resistor prevents a 
dip in the curve at intermediate speeds. While these character- 
istics have been known and have been explainable in a general 
way by induction motor theory, Mr. Putman has published 
the first adequate mathematical treatment of the problem. 

Another result of our experimental work was that we obtained 
an entirely new conception of the pull-in problem. A number of 
investigators, both in this country and in Europe, have attacked 
this problem but in nearly every case they have been concerned 
with the oscillation: which takes place when the field current is 
applied. They have attempted to find the maximum slip at 
which the motor could operate and still pull into step during the 
surge that takes place when the field is excited. The solution 
of this problem requires a knowledge of the inertia of the rotor 
and its connected load and depends also upon the point on the 
slip eyele at which excitation is appled. Our investigations, 
however, showed that we need not concern ourselves. with this 
aspect of the pull-in problem except in rare cases. We found 
that if the motor could be brought to the upper branch of the 
speed—torque curve, that is, to a speed above the pull-out or ~ 
unstable point on the curve, the application of excitation would 
always bring the rotor into synchronism. The problem thus 
became one of finding the induction motor characteristics rather 
than one dealing with the purely pull-in phenomenon. 


Mr. Alger, in his discussion, has called attention to Mr. Put- 
man’s omission of the stator resistance and has pointed out that 
this may give an error in the torque at half speed. I have de- 
veloped the equation for torque including the stator resistance 
and have substituted values for a few cases. While there is a 
slight dip in the curve at half speed, I have concluded that it is of 
negligible importance. 

H. V. Putman: Before this theoretical investigation was 
started at all, the company with which I am associated (thanks to 
the painstaking efforts of Mr. Quentin Graham), has, foranumber 
of years, accumulated a vast amount of experimental data on 
the starting performance of synchronous motors. These data 
were of great assistance in building a theoretical structure on 
which to base calculations of starting performance. 


Both Mr. Alger and Mr. Park mentioned the fact that I 
neglected the stator resistance and Mr. Alger says that I did this 
without saying anything about it in the paper. I stated very 
clearly that this assumption was being made in order to simplify 
the theory. We were well aware of the effect of the stator 


‘resistance at half speed and I stated that Mr. Graham had 


worked out the theory taking the stator resistance into account. 
He has calculated curves on this basis which show the dip at 
half speed. However, a review of a great many speed-torque 
curves which we have made, disclosed the fact that none of them 
shows a distinct dip or cusp at half speed. At half speed there 
are usually a few test points which appear erratic. Sometimes 
there is a point above the curve, sometimes one below, but we 
have never been able to obtain a test curve which showed dis- 
tinctly a dip at half speed. The dip does exist, but the fact that 
it can’t. be obtained experimentally shows that it is so small as 
to be negligible. This is also borne out by the fact that since 
we have been building real damper windings, we have never 
had a ease of trouble where a motor stuck at half speed and 
refused to come up to full speed. If there were any appreciable 
dip in the torque at half speed, it seems likely that, with the 
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increased severity of synchronous-motor applications and hence 
more severe starting duty, we would have had some eases of 
sticking at half speed. 

Both Mr. Alger and Mr. Park say I assume the same current 
in each bar and Mr. Alger says that I neglect the effect of the 
squirrel-cage in the axis of the field winding. This shows that 
both Mr. Alger and Mr. Park do not clearly understand the 
theory of the symmetrical-coordinate method and they have not 
read my paper carefully. They have this theory mixed up with 
Blondel’s two-reaction theory. One speaks of the direct and 
transverse axes in the two-reaction theory, but not when dealing 
with the symmetrical-coordinate method. 


What I did assume, was this: There are two fluxes rotating 
in the gap, one in the positive direction and one in the negative. 
Both cut the damper bars. Due to the positive flux, there are 
damper-bar currents set up which are all equal, provided the 
damper bars all have the same resistance and reactance, and 
are apart in time phase by the space angle between the bars. 
These produce a positively rotating m.m.f. which I represent 
by J2pp and a negatively rotating m. m. f. represented by Jonp. 
Similarly, the negative flux in the gap produces additional 
damper-bar currents all of which are equal and which in turn 
produce two more m. m. fs., a negative m. m. f. represented by 
Tonn and a positive m.m.f. represented by Jopn. Since Lapp 
and Jo, rotate in the same direction, they combine to make 
the resultant I2, which is the positively rotating rotor m. mf. 
Similarly, Zon, and Ion, combine to form the negatively rotating 
rotor m.m.f. From this point on I deal only with m. m. fs. 
But if one combines the bar currents due to the positive flux, 
with those due to the negative flux, the combined currents which 
result are not equal in each bar; neither are they apart in time 
by the space angle of the bars. 

Mr. Alger’s statement that I neglect the effect of the damper 
bars in the axis of the field winding, amounts to the same thing 
as saying that in an induction-motor diagram, if one represents 
the rotor-bar current by a single vector Jy, he is neglecting the 
effect of the bars which constitute a phase at right angles to I. 
But we all know that a polyphase m.m.f. or current can be 
represented by a single vector and the problem handled as 
though it were a single-phase, but because we handle it as single- 
phase it doesn’t mean that we neglect the phase at right angles to 
it. If Mr. Alger will read my paper carefully he will see that 
I have made no such approximation. 


Mr. Park says that my theory assumes that all bars have the 
same resistance and reactance. This is not necessarily true. 
My theory begins on the basis of a rotor having a definite rotor 
resistance, rotor reactance and single-phase action factor, K. 
It is true that it may be a little more difficult to get the rotor-bar 
resistance, reactance, and K, if the bars are all different, than it is 
when they are all alike. I showed in my paper how the value 
of K is obtained when they are all alike to give a general idea of 
the problem, however, I did not include in my paper any explana- 
tion of the calculation of the several motor constants as ex- 


Fig. 2—SymMeErricaLt Group or Damper Bars 


plained in one of the foot notes in my paper. The handling of 
cases where damper bars of different resistances and reactances 
are used in the same field pole, is simply a problem in calculating 
the values of rotor resistance, rotor reactance and K. We often 
build machines with bars of at least two different materials and 
usually the bars at the tip of the pole are nearer the surface and 
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have less reactance than those in the middle. In all such cases, 
it is only necessary to calculate an equivalent bar and then 
proceed as if all bars were like the equivalent bar. 

An example calculation of this kind, is as follows: In the 
accompanying Fig. 2, let Z; equal the impedance of bars No. 1 
and No. 5. Let 8; equal phase angle of bars No. 1 and No. 5, 


that is, 6: = tan-! where Z,; = Vv 22+ 7:2. Similarly, 


igs} 
let Z. equal the impedance of bars No. 2 and No. 4 and let B2 
be the corresponding phase angle. Let Z3 be the impedance of 
the middle bar and §; its phase angle. 


Calculate 
Cr Bs — Bi 
g: = 83 — Br 
Then caleulate 
Z Z ; 
yas (2 . sin Gi + 2 sin @:) 


Z Z : 
vA =(1 + 2 + cos gi +2—* cos or ) 
1 2 


Then calculate B = y X? + Y* and #6! = tan 


; : 5 
The equivalent bar has an impedance of aE Z; and a phase 


angle of B; — B}. 

Small differences in the impedances of the several bars make 
only a very slight change in K. When it is thought necessary to 
calculate a new K, we have a fairly elaborate formula involving 
the several bar impedances, phase angles, and the space angle 
between the bars. Usually, this is not necessary. h 

I did not mean to say that the double-squirrel-cage synchronous 
motor has no practical value. What I did say, is that it is more 
desirable to limit the inrush by the use of a high-resistance 
damper rather than by the use of high reactance because this 
method gives a higher average torque per kv-a. In higher- 
speed motors where there is a greater depth of pole head, the 
double squirrel cage can be used to greater advantage and, 
as Mr. Alger says, is of use in bringing many ratings within the 
full-voltage starting class. 


Discussion at Kansas City 
A 21,000-Kv-a. AUTOMATIC SUBSTATION! 
(ELiyson) 

Kansas Criry, Mo., Marcu 17, 1927 


W. H. Millan: Mr. Ellyson’s paper outlines the converting 
of an old manually operated station to modern automatic 
control. 

It might be well to point out that some of the things which 
were done in this station, while they appear at first glance out 
of order, are justified because the old manual equipment could 
be used again in the redesign of the station. 

The major thing coming under this category is the oil breakers 
in the high-voltage side of the main transformers. In a new 
station the cost of these oil switches could probably not be 
justified, but as we see Mr. Ellyson’s station, we realize that 
these oil breakers referred to were already installed and a very 
small amount of control applied to them resulted in a refine- 
ment that was well worth it. 

A very prominent point in the operation of this station is 
the fact that upon the failure of a transformer, or even its 
supply feeder, a portion of the substation’s distribution load 
is deliberately dropped and the automatic gear depended upon 
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to restore service to that portion of the load very quickly. This 
is being done in a large number of places in this country with 
particular reference however to transformer failures. 

I know of no other case where the failure of a transformer 
eable is permitted to cause an outage of a portion of the station’s 
load. Exceptions to this, however, are stations where the total 
supply is over a single transmission circuit with a reserve circuit 
available but not closed on the station bus. 

In certain substations of the St. Louis system, the entire 
substation load is dropped upon failure of the transmission- 
eable. This applies, however, only to stations where the 
growth is not sufficiently advanced to permit installation of a 
second preferred supply circuit. 

Initially, these St. Louis substations are started out with a 
single 33-kv. supply eable which originates on the secondary 
side of a step-up transformer located at the power plant. The 
oil switch controlling the transmission cireuit is on the power- 
plant side; 7. e., the 13.8-kv. side, the high side being switched 
only by air-brake, hand-operated switch units. 

The ecireuit thus led out of the power plant arrives at the sub- 
station and is switched to the 33-kv. bus through an oil breaker 
with ordinary protective equipment. A second similar circuit 
is carried from the power plant to this substation but, by means 
of tap connections, runs also to one or two other similar sub- 
stations. This second circuit acts as a reserve at the two or 
three stations and the oil switches on each of the ends are 
normally in “‘open’”’ position, the cable of course being charged 
from the power-plant end. 

The failure of a preferred transmission circuit relays the 
circuit on the 13.8-ky. side at the power plant, thus de-energizing 
the entire substation. A preferred emergency transfer equip- 
ment at the substation opens the oil breaker on:the defective 
line and closes the emergency supply line (if alive) on the. bus, 
thus restoring the service. The entire performance of restora- 
tion is carried out in something under 10 see. 

A substation whose load increases above the preseribed 
limit of a single transmission circuit, (7500 kv-a.), acquires a 
second preferred transmission circuit, at which period in its 
life, the transfer equipment is so altered as to permit parallel 
operation of the two preferred circuits at all times with the 
emergency circuit normally open. 

Directional relays are installed on the substation ends of the 
transmission circuits. The failure of a preferred transmission 
circuit-after this period in the life of the substation does not 
cause an outage, but the circuit relays at the power-plant end 
on overload and at the substation end on reverse current. 
This performance of course throws double load on the remaining 
preferred transmission circuit. : 

In this case, the function of the transfer device is to parallel 
the emergency circuit with the remaining operative preferred 
circuit, which is done in about 10 see. and after automatic check 
for synchronism. : 

If, for any reason, the preferred circuit which has relayed is 
again made alive, the transfer equipment restores conditions 
to normal; i. e., the preferred circuit which is open checks for 
synchronism, closes and, upon closing the emergency circuit, 
is opened. 


The foregoing description may tend to qualify Mr. Ellyson’s 
arrangement in his station. 


In the matter of transformers, the St. Louis stations do not 
actually carry a spare, but transformers which have water 
coils are used adding approximately 50 per cent to their capacity. 
As a complete substation usually embodies four transformer 
units, it follows that so long as all four units are available, the 
self-cooled rating is used, but that upon the failure of one of the 
four units, the application of cooling water to the remaining 
three, (and this is done automatically), will permit operation 
of the station without abnormal loads on any unit. 

I should like to ask Mr. Ellyson to indicate why he finds it 
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necessary to have so large a ratio of ampere capacity in out- 
going feeders to ampere capacity of transformers. It is noted 
that the ampere capacity of all transformers in this station 
excluding emergency transformers, is 2760 amperes, while the 
total capacity based on the rating of the regulators of his out- 
going distribution is 4000 amperes. This ratio 1s so much 
wider than we are compelled to use in the St. Louis system that 
I feel an explanation is warranted. 

A 15,000-kv-a. station in St. Louis has a total ampere capacity 
in transformers of approximately 1950 amperes at 4500 volts: 
We find that these transformers cannot supply more than 
ten distribution circuits rated at 250 amperes each, or a total 
of 2500 amperes. 

In connection with the general arrangement of regulators, 
whenever we can we attempt to keep down the number of 
regulators in a row or the number of regulators which may face 
each other across a narrow aisle. 

Mr. Lichtenberg’s picture may give some idea of what we 
have attempted to do along these lines in St. Louis. So far 
as possible we use a unit structure; that is, we attempt to 
assemble in a single set of barriers isolated from everything 
else, all of the equipment connected with a three-phase distri- 
bution circuit. 

An exception to this is the control panel, which we mount 
as near to this structure unit as possible without actually expos- 
ing to danger the man who attempts to manipulate the equip- 
ment on the panel. 

In the past several serious regulators fires in St. Louis have 
demonstrated that in spite of the use of barriers between regu- 
lators, one loses almost the total number of units in the row. 

C. M. Gilt: In Brooklyn we have no completely automatic 
stations at the present time. We have from two points of view a 
problem ahead of us in our d-c. Edison system. The land is 
becoming so valuable that we cannot afford to keep some of our 
stations and it appears that we can’t change all of their load 
completely to alternating current. We shall have to abandon 
the old stations and scatter them about in some small automatie 
stations. 

Then there is another thing ahead of us; in some sections 
where we are changing this direct current to alternating current, 
there may be two or three large customers who have such ex- 
pensive equipment that it may be impossible to change them 
over. The solution seems to be to have some small automatic 
stations located on these premises. 

We are not entirely non-automatic, because eight out of ten 
a-c. stations have automatic reclosing devices. These vary in 
capacity from 30,000 to 50,000 kv-a. each. The two that are 
non-automatie are so because the feeder breakers installed do 
adequate rupturing capacity to stand the reclosing duty cyele, 
particularly as we like to have the first re-closure instantaneous, 
feeling that gives the best service we possibly can to our 
customers. 

The question might arise as to why we couldn’t make entirely 
automatic the stations in which we have alternating current auto- 
matic re-closing feeders. The reason is, I think, our policy of 
restoring feeders in case a feeder goes out. Most of these feeders 
are three-pole. In case a feeder is locked out, we put it over on 
our transfer bus, which is fed by single-pole breakers and see if 
one or two of the phases won’t stay in and maintain a large pro- 
portion of the lighting load. 


The other thing is that after a feeder has gone through its 
automatic re-closing cycle and is locked out, we immediately 
get our distribution people on the cireuit and close our breakers as 
fast as we can when they think they have found the trouble. 
In other words, we keep a man in the station to close the breakers 
as fast as the distribution people think they have found the 
trouble and cleared it up. ; 


Our station layout is a little different from any shown so far. 
We have feeder busses fed directly from 10,000-kv-a. transformers 
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at 27,000 volts and no high-tension breakers. These are con- 
nected through reactors to a tie bus with a transformer feeding 
this, the ring transformer being the only one that has any high- 
tension breakers. Those are put in to save feeder cable. We 
do not run the cable from the ring transformer back to the 
generating station but connect the transformer in a cable ring 
running from one station to the next. These transformers are of 
the same capacity as the cable, that is, 10,000-kv-a. We rate a 
station of that kind (three main one-ring transformers) as of 
30,000-kv-a. capacity, with the spare transformer connected at all 
times, each feeder being regulated. 

We can’t seem to run quite as high a load factor on our feeders 
as in Kansas City. Werun 24,200-ampere 30,000-kv-a. stations. 
On some of our stations where we have a large percentage of 
power load, we can’t even quite load up to 30,000 kv-a. on 
24,200-ampere feeders. 

We are entirely satisfied that automatic equipment gives us 
better service than we can get with purely manual control and 
that is the reason for putting it in. We use entirely truck-type 
breakers, which we think have a considerable advantage. 

C. W. Place: The thing that appeals to me is that each 
operating company gives its particular view on the operation. 
The disagreements, as I see them, in the way things are done 
indicate the compromise between management, money and 
engineering practise, the human element applied on top. 

Each city’s particular equation must be considered and the 
proper equipment to meet the limitations given. 

C. A. Butcher: In working out the three-wire a-c. dis- 
tribution system in metropolitan systems, which is being carried 
out now to restrict as much as possible the growth of the Edison 
three-wire systems, they are using man-hole transformers and 
three-wire a-c. network at 110 and 220 volts. 

In order to operate the network efficiently and to isolate the 
faulty sections and the transformers which are lightly loaded, a 
three-pole network protector controlled by single relay has been 
perfected and is in operation on a great many networks. 

For example, the secondaries of distribution transformers 
supplied through radial primary feeders are connected in parallel 
on the 110/220-volt network through these protectors so that a 
fault on the a-c. network isolates the faulty section automati- 
cally, and in the event that the primary circuit to any particular 
group of transformers is opened, the automatic network protector 
on the low-voltage side operating on the exciting current taken 
by the transformers from the low-side isolates the transformers 
and thus saves light-load losses during off-peak periods. 

In reality, it is a small automatie substation in a man-hole and 
they have been built so they can be submerged and still be 
operated. They are of the submarine as well as of the station 
type. 

B. J. George: We have had demand instruments with charts 
which indicate when the customer is operating off or on peak. 
If some of you engineers can impress carrier currents upon our 
regular power circuits and operate a sort of auxiliary relay and 
arm on the demand meter so as to indicate exactly to the customer 
when the on-peak period starts and when it ends you will assist 
greatly in showing some individuals why they do or do not operate 
on the peak. 

D. W. Ellyson: Regarding Mr. Millan’s comments with 
regard to the possibility of load being dropped because of cable 
outage to a substation. There are several reasons for selecting 
the radial system of distribution rather than the parallel or mul- 
tiple system of distribution to these substations. 

(a) By using a single cable with its transformer to supply a 
section of 4000-volt bus the short-cireuit current through any 
induction regulator is limited to the guaranteed value without 
the addition of 4000-volt reactors. These reactors were not 
only an item of expense and added loss but were an item detri- 
mental to the system power factor. 

(b) The history of cable operation on our system indicates 
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that there is a probability of only one outage on any supply 
feeder once in 5 to 15 years, depending upon the length of such 
supply feeder. The added complication in relay arrangement 
by arranging parallel operation of the supply feeders would in 
itself cause a probability of total substation interruption due to 
misadjustment, ete. of the relays equal to the present probable 
partial outage. 

(c) The simplification of switching by radial supply feeders 
rather than ‘parallel supply feeders allowed a less expensive 
total supply equipment; 7. e., the saving in fewer high-voltage 
oil switches paid for complete spare transformer equipment 
connected ready for service, ete. 

Regarding the apparent discrepancy between the ratio of 
total ampere rating of regulators and the ampere rating of 
normal supply transformers in the Kansas City substations as 
compared to the St. Louis substations: In the Kansas City 
setup each regulator is rated to enable it to carry some emergency 
overload so as to enable the lighting peak load to be transferred 
from any outgoing feeder that may be in trouble to the mains of 
outgoing feeders carrying adjacent load. If the normal expected 
load on individual regulators is used instead of the rated load, 
Kansas City compares with St. Louis. Since the 200-ampere 
regulators have no overload rating, their normal load is slightly 
more than 150 amperes and the overload limit of the outgoing 
feeder is 200 amperes. 

In regard to Mr. Millan’s remarks concerning the trouble he 
has experienced with d-c. breakers, I might state that when 
our station was first put in, we had considerable trouble with 
our own breakers and it took us about one year or more to 
learn how to take care of them properly. The chief trouble is, 
that these breakers were designed for hand operation and were 
not the best type for automatic control as they have too many 
delicate parts that get out of adjustment very easily. We 
look over every d-c. breaker once a week and overhaul it 
thoroughly. By this method, we have been able to run for over 
a year without a breaker failing in service. However, until 
the manufacturers design a better type of breaker for automatic 
service there will always be either numerous breaker failures 
or an excessive amount of maintenance to prevent such failures. 
We have been able to prevent failures by going to the time and 
expense of thoroughly overhauling these breakers every week. 


Discussion at Bethlehem 


RECENT DEVELOPMENTS IN ELECTRIC DRIVE FOR 
ROLLING MILLS 
(UMANSKyY) 
BretutenrM, Pa., Aprin 22, 1927 

D. M. Petty: In reading the introduction to this paper, I 
noted that there was just one rather important point which Mr. 
Umansky did not cover. I think it is a rather vital point and is 
becoming more vital every day. That is, the relation of the 
power generated in steel plants to that which is purchased. A 
number of steel plants are making it a point to buy a certain 
proportion of their power and with the advent of interconnections 
of large power companies, I think the interchanging of power 
between steel companies and power companies becomes in- 
creasingly important. The power companies themselves, nat- 
urally, having a wider range of load, are now able to absorb 
waste-gas and waste-heat energy better than they otherwise 
could have done had their system been limited to a small terri- 
tory, it being understood, of course, that the steel plant has this 
power available as a by-product. 

Immediately I imagine the problem arises in the minds of a 
good many of thé central station men that most steel plants are 
25-eyele and the power companies are 60-cycle. This has for a 
long time apparently offered an almost insurmountable barrier 
toaninterchange of power agreement, but I find in talking to some 
of the power engineers, that as these super-power systems grow 
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and their lines extend over greater distances, the use of syn- 
chronous condensers becomes a considerable factor in the regula- 
tion of voltages at different points. 

It has occurred to me that possibly some of these synchronous 
condensers at different points could have a 25-cyecle generator 
connected to the big, 60-eyele synchronous condensers. Jt might 
look, in a good many eases, like an exciter connected to the 
synchronous condenser. However, it might be big enough to 
provide a means of interchange of power in sufficient quantities 
to provide for the needs of the steel plant when it wanted to 
buy power and also to provide an outlet for a maximum amount 
of power which the steel plant might have available at any 
particular time in its operations. 

The various rolling-mill layouts which Mr. Umansky showed, 
I think, are very typical of the modern trend of steel-mill design 
and rolling-mill design. There is just one thought that I should 
like to mention in this connection, for fear that possibly some 
one who is not a steel-mill engineer might be a little misled. 
The big thing in rolling-mill practise is to obtain tonnage 
from the mill, and, with the various Kraemer and Scherbius 
drives as illustrated, it must always be borne in mind that the 
first consideration is that the particular electrical drive to be 
hooked to the mill must enable the millman to deliver from the 
mill the maximum amount of tonnage at the lowest possible 
cost, and cost in a rolling mill hinges almost always around pro- 
duction more than any other factor. So that when you think 
of cost in arolling mill, you are almost saying “‘reliability,”’ since 
a drive that is not reliable, either because of complications or 
anything else, would immediately run the cost up by virtue of 
the fact that it would reduce the tonnage. The actual dollars 
and cents expended on labor and material in repairs might be 
negligible but the reduction in tonnage would be a serious matter. 
So that while we like to feel that we are going after all the effi- 
ciency we can get in mill drives, we should not hesitate to 
throw out 3 or 4 per cent of efficiency if there was a thought 
that ad-c. drive might produce more tonnage ona mill than eithera 
Kraemer or a Scherbius or any other system of a-c. drive. In 
other words, production is the most important factor, especially 
where the product of the mill is not determined at the time it is 
laid out. 

Of course, if it is known beforehand that the mill is never going 
to roll anything else but a particular product, it is comparatively 
easy to make the layout. So that while we want to do every- 
thing we can to make the drives more efficient, the big point is 
always reliability and flexibility, whenever flexibility means more 
tonnage. That, to my mind, is the big factor in the matter of 
drives. 

I wish also to emphasize further the point that you cannot say 
that one drive, because it has worked out excellently in one mill, 
will always work out so well in the next mill. Hach mill must 
necessarily be laid out for itself and for the purposes which the 
product of the mill demands. . In some cases two mills may 
look alike in the number of stands, but the product may be 
different and consequently it may be necessary to have an entirely 
different type of drive. I feel that that particular point is one 
of the best points brought out by Mr. Umansky. 


A. J. Standing: The mills should be so designed that the 
mill layout may not be the limiting factor; in other words, the 
mill shall be so laid out from the heating and the furnace end of 
it that steel can be delivered to the drive as fast as the drive 
ean roll it, and that, at the other end of the drive, steel can be 
taken care of at the finishing and disposal end fast enough to 
take care of the drive. The reason I mention this is because 
oftentimes the mill is laid out for the production of one product, 
and later we find that the mill has undergone considerable change 
from the time when original product was got out. So that in 
putting a drive on a mill, the past experience has a great deal of 
weight due to the fact that information has been obtained as to 
the speed with which we can handle steel both before it enters 
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the drive and especially after it leaves the mill. With that in 
view, I think the steel manufacturers each year are gaining more 
experience with various installations so that those who are 
installing electrical drives from now on will be able to profit by 
the actual applications and the improvements which have been 
made in the tonnages, especially from the standpoint of cost per 
ton. 


R. H. Wright: Under present-day business conditions, it is 
essential that any organization, to be successful, must be quick to 
adopt new methods and equipment. Steel plant engineers and 
executives for years have been pioneers in the application of 
electrical equipment to heavy mechanical operations and, through 
continual expansion of their electrical power systems, they have 
effected great economies of operation. 


One of the chief advantages of the electric motor drive in the 
steel industry, in addition to the inherent economy, is the ex- 
treme flexibility and the ease with which it can be applied to new 
processes: and labor-saving devices. Through liberal use of 
electric motors and automatic control in the modern steel 
plant, the output per man has been increased many times and the 
accident hazard reduced toaminimum. That the advantages of 
electrification can be obtained without sacrificing plant produc- 
tion during installation of new equipment is illustrated by a 
project recently completed in the Philadelphia district. All the 
steam engines in this plant were replaced by electric drives 
operating on purchased power in less than three years with no 
appreciable loss in production during the changeover period. 
The saving in power cost and operating labor will, in three years, 
cover the cost of the installation. 


To meet the peculiar needs in the industry, the electrical manu- 
facturers have developed complete lines of equipment for steel 
mill service. One of the first main-roll drives was a reversing 
motor, installed twenty years ago to drivea plate mill. Since the 
initial installation reversing motors have been increasing in size 
until units rated 7000 h. p. at 50 rev. per min. are now quite 
common and one motor has been built for 8000 h. p. at 40 rev. 
per min. ‘ 

Up to a few years ago all reversing motors above 5000-h. p. 
rating were built with two armatures on a common shaft. 
Direct-current power was supplied to the motor through a motor- 
generator set having two generators. In order to keep the volt- 
age to ground from exceeding the potential of one generator, 
a sandwich scheme of electrical connections was employed in 
the circuit between the generator armatures and the double- 
armature motor. Motor-generator sets with two generators 
are used with the more recent equipments, but the double-unit 
armature construction of the motors has been abandoned, and 
one S8000-h. p. and six 7000-h. p. motors have been built with 
single-unit armatures by the Westinghouse Company. 


It will be obvious that the single-unit motor has one-half the 
armature end windings of a double-unit motor of the same rating 
and diameter and that the number of cross connections for the 
commutating pole and compensating windings is also reduced to 
half that required for a double-unit motor. ‘The copper loss of 
the single-unit motor is therefore about 25 per cent less than the 
copper loss of a double-unit motor of the same rating and the 
efficiency is higher. 

When two generators are used in the motor-generator set they 
are connected in parallel. Equal division of the rapidly varying 
load to which such generators are subjected is obtained by 
means of special field connections. As shown in the accompany- 
ing figure, each generator has a differential series winding and a 
cumulative series winding. These windings are identical and 
under balanced load conditions, they neutralize each other. 
However, if No. 1 generator, for example, should tend to take 
more than its share of the load, the differential series field of the 
No. 1 generator would be stronger than the cumulative series 
field and the voltage; consequently, the load on the No. 1 genera- 
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tor would be reduced. At the same time, the excess of current 
from the No. 1 generator would strengthen the cumulative 
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winding of the No. 2 generator, causing it to take more load. 
Any tendency for unequal division of load is therefore corrected 
very quickly. 

W.E. Lloyd: I should like to include one question. How is it 
controlled? Do you have a dozen men or one man with a push 
‘button? 


L. A. Umansky: This paper was not intended to cover the 
very interesting point just brought up by Mr. Petty; namely, 
the interchange of power between the steel plants and the public 
utilities. It is very fortunate, however, that this problem has 
been mentioned here as it is a very vital one and will undoubtedly 
grow in importance as time goes on. Whenever the steel 
plant operates at a frequency of 25 cycles, while the purchased 
power is available at 60 cycles, the two systems will be un- 
doubtedly tied-in by means of special frequeney-changer sets. 
Their purpose will be not only to convert the 60-cyele to 25-cycle 
power, or vice versa, but also to control the flow of power between 
the two systems. It means that while one unit, presumably 
at the 60-cyele end of the set, will be of a synchronous type, the 
25-eyele unit is likely to be an induction motor with a speed- 
regulating equipment attached to it. The latter may be similar 
to the Scherbius, Kraemer, or similar systems outlined in this 
paper. The actual speed of the frequency-changer set is not 
changed as long as the frequencies remain fixed, but, by control- 
ling the frequency applied to the secondary cireuit of the induc- 
tion machine, the latter may be given a tendency to operate 
either as a motor or as a generator; in this manner the inter- 
change of power between the two systems may be readily con- 
trolled. The synchronous motor of the set, if suitably designed, 
may also act as a synchronous condenser on the 60-cycle line. 


We all agree with Mr. Petty that the question of reliability and 
flexibility is just as important in selecting electric drives for 
rolling mills as is the question of efficiency. So many of both a-e. 
and d-e. drives are in successful operation for many years that 
their reliability certainly should be considered on a par. 


No reversing drives were mentioned in my discussion as there 
were no radical changes made in this line for the last ten or fifteen 
years. Many details were undoubtedly improved, as pointed 
out by Mr. Wright, but the method of operation of the machines 
remains substantially unchanged. A single-unit armature of a, 
say, 7000-h. p. reversing motor, is an improvement of size rather 
than of kind. When two generators are supplying power to a 
single-armature reversing motor, means should be provided, 
of course, to divide the load automatically and evenly between 
the two generators. The scheme mentioned by Mr. Wright is very 
effective for this purpose; as a matter of fact, the same scheme 
is used for a number of years on the double-unit, d-¢. motors 
shown on Figs. 3 and 4 of my paper. It should be borne in mind, 
however, that if we equip each of the two machines with two 
series fields, one cumulative and one differential, then the load 
balance is maintained at the expense of crowding the main poles 
of the machine with a double amount of series field turns; the 
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latter carry the full current but, in the ideal case, do not produce 
any flux. In other words, the balance is obtained magnetically 
and not electrically. By causing the current to circulate through 
two series fields, the copper losses are increased and the efficiency 
is, therefore, reduced. 

The reversing drives usually give an excellent opportunity to 
apply a simpler but an equally effective scheme which, at the 
same time, is devoid of the above shortcoming. A relatively 
small potential winding may be mounted on the main poles of 
each generator and these auxiliary fields of the two machines are 
then connected in series with each other. They are so wired that, 
when one of them acts cumulatively with the main field of its 
generator, the other auxiliary winding acts differentially with 
the main field of the second generator. The free ends of the 
auxiliary fields are connected to terminals of the two generators 
of the same polarity. The current of each generator is carried 
separately to the reversing motor, where the two circuits are 
joined together. When the load is evenly divided between the 
two generators the J R drop in each cireuit is equal and, therefore, 
no current is flowing through the auxiliary fields. If, for any 
reason, one generator carries less than its proper share of the 
load, the 7 R drops in the two circuits will differ and therefore a 
current will flow through the auxiliary fields, strengthening the 
main field of this particular generator and weakening the field of 
the second generator, thereby re-establishing the balance. It 
will be seen that the results are obtained directly by means of an 
electrical balance; in other words, the auxiliary field does not 
carry any current in case the load is evenly divided. The copper 
losses are lower than in the scheme described by Mr. Wright 
and the main poles are less crowded. 


This scheme has been in successful operation for a number of 
years. It will be of interest to note that just a few days ago a 
large rolling mill was started at the Lackawanna Plant of the 
Bethlehem Steel Company. This mill includes five reversing 
drives, of which three are 7000-h. p., single-armature motors, 
each furnished with power from two generators connected in 
multiple. The division of load is load is maintained in a perfect 
manner by means of the scheme just described. 


Once the reversing drives are discussed, I wish to mention one 
other point which may eventually change in one respect the 
conventional form of these equipments. It has been commonly 
understood that any reversing drive requires a motor-generator 
set equipped with a heavy flywheel to equalize the load on the 
incoming line. This is still true for the larger reversing drives, 
but, as the power systems grow, the question of limiting the 
instantaneous peak load will acquire relatively less importance. 
Just recently, areversing drive which will include a synchronous 
motor-generator set was ordered. The power in this case was 
purchased from a public utility and the question was put squarely 
before the power company: Did it prefer to take on its system 
a heavier instantaneous peak load, not smoothed out by any 
flywheel, or to reduce this peak load and contend with the lagging 
power factor of the induction-motor-driven set. The answer was 
in favor of the synchronous motor drive. While this particular 
reversing drive is of a moderate size, (4200-kv-a. synchronous 
motor), I believe that it is a forerunner of larger equipments 
provided with synchronous motor-generator sets. Maybe in ten 
or fifteen years from now, even the 7000-h. p., reversing blooming- 
mill drives will lose one of their typical features,—the flywheel 
set. 


Mr. Lloyd inquired as to how many operators usually control a 
large continuous mill with individual drives. The motors and 
the motor-generator sets are usually fully protected by automatie 
devices, and, strictly speaking, no attendant is required in the 
motor room. The actual starting speed adjustment and stop- 
ping of each drive is controlled by one man in the operating pulpit 
having within his easy reach the necessary master switches, 
push buttons, rheostats, ete. One man is usually sufficient to 
do this work; a second man would be comparatively useless. 
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ILLUMINATION ITEMS 


By Committee on Production and Application of Light. 

CHECKING UP AN INDUSTRY ON ITS LIGHTING 

Atarecent convention of the Association of Iron and 
Steel Electrical Engineers,! Mr. Ward Harrison? pre- 
sented in a paper entitled “Fifteen Years of Steel Mill 
Illumination—What Change?” a study of what such 
lighting was, is, and should be.’ In terms of the cost of 
steel, the cost of light from 1912 to 1927 has gone down 
in the ratio of 16 to 1. If one foot-candle was the 
illumination provided in the earlier day, the same ratio 
of cost of light to cost of steel would today provide six- 
teen foot-candles. 

There is really no excuse whatever for a steel mill to be 
poorly lighted with cost of power so relatively cheap, 
but the fact remains that many of them are very badly 
lighted. In this respect they are almost without excep- 
tion on a decidedly lower basis than other progressive 
industries. j 

The steel industry has improved a little more in 
average efficiency than industry as a whole. Two 
industries which stand out as conspicuous examples of 
improved efficiency, as measured by the value given to 
_ the public for the dollars it spends, are also conspicuous 
as being the best lighted industries in America. Even 
though it is not assumed that good lighting is responsible 
for this increased efficiency, it is interesting to see that 
the executives who guide two of the most progressive 
and important of our industries today believe that good 
lighting is worth its cost and will return a profit. One 
of these industries is the motor car industry; the other 
is the electrical industry. 

In the former, we find long lanes in which work is 
illuminated to 60 foot-candles with the energy con- 
sumption of 10 watts per sq. ft. of floor area; press rooms 
where lamps mounted 40 ft. above the floor produce an 
average of 20 foot-candles; other work rooms where 
large areas are lighted to 45 foot-candles at an expen- 
diture of four watts per sq. ft. In the large shops and 
assembly rooms of motor car factories, the present 
standard of illumination is from 20 to 30 foot-candles 
obtained with 300-watt lamps on from 8- to 10-ft. 
centers. How does the steel industry compare with 
this? 

In the General Electric Company plants, wiring for 
standard lighting installation can now supply three 
watts per sq. ft., with a line drop from not exceeding 1.5 
volts panel board. (Branch circuitswillcarry five watts 
per sq. ft. with a drop not greater than 2.5 volts). 
Lighting fixtures have been standardized to provide 
‘levels of illumination as high as those mentioned above. 

These industries have found that light aids produc- 
tion, and carefully conducted tests involving various 
kinds of work have been made toward correcting pre- 


1. Twenty-third Annual Convention, Pittsburgh, June 1927. 

2. Director of Iluminating Engineering National Lamp 
Works of G. E. Co. 

3. Paper printed in Iron and Steel Engineer, June 1927. 
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vious conditions. Increases in production ranging from 
10 to 35 per cent have been obtained when lighting was 
improved; ordinarily an increase of approximately 15 
per cent is obtained by the installation of a system which 
provides light at a cost of about two per cent of the 
payroll. Other advantages,—improved quality, de- 
creased spoilage, better supervision, greater order and 
neatness and, even more important than these, reduc- 
tion of accidents—are obtained simultaneously. Many 
accidents in steel mills cannot be prevented by the use 
of safety devices, but carelessness is of course responsible 
for many others. In almost every mill, there are unpro- 
tected machine parts in motion, obstacles in aisles and 
passage ways, and shadows that hide sharp cutting 
edges. In this particular field, there are extreme and 
blinding contrasts created by incandescent metals 
which, unless alleviated by good lighting, are too great 
for the eyes to stand. 

Although at one time among the leaders, the steel 
industry is now far behind the practise of others in the 
lighting field. Specific suggestions for the improve- 
ment of lighting in various parts of the plant are given 
by Mr. Harrison in an appendix? that discusses both 
interior and exterior lighting in detail. 


BRIGHT LIGHTS LURE TENT CATERPILLARS 

According to the State Experiment Station at 
Geneva, New York, trial tests indicate that tent cater- 
pillars, most ravenous of all insect pests, will forsake 
succulent young apple twigs any time to gather about a 
yellow electric lamp where there is plenty of light but 
not much bug fodder. 

As a part of a study of the reactions of insects to 
various colored light, apple branches were arranged 
radially from a central point toward lights of different 
colors. The insects were placed at the hub and per- 
mitted to choose their own path to the light which 
attracted them most. Hungry caterpillars that could 
see a pale yellow light didn’t stop for so much as a 
wayside bite, but dusted right along the twigs to the 
lamps. Some chose a light of deeper yellow and some 
even left the twigs to gather on the glass behind which 
the light shown. The red light appeared to appeal to 
only afew. 

The study of insect control by means of electricity, 
thus undertaken, will include not only the reactions of 
insects to different types and colors of light, but will 
also test the possible effects of radio waves as well as 
the trapping of insects with lights as bait. 


Because of eye strain in schools due to improper 
lighting, the Illuminating Engineering Society has 
framed a lighting code for schools and the authorities 
consider it adequate. The only states in which schools 
are reported as having conformed to this code, however, 
are New York, Michigan, Minnesota and Wisconsin. 
Other states and territories are studying the code with 
the idea of applying it. 
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Program for Pacific Coast Convention 
at Del Monte, September 13-16 


A very profitable and enjoyable four-days meeting is planned 
for the coming Pacific Coast Convention of the Institute which 
will be held in Del Monte, Calif., September 13 to 16, with head- 
quarters at the Hotel Del Monte. The technical papers are of 
highest quality and will cover some such timely subjects as apph- 
cation of intermediate syncbronous condensers to transmission 
lines, transients and oscillations in transmission lines, oscillo- 
graphic recording of transients, corona, the sphere-gap voltmeter, 
high-voltage circuit breakers, carrier-current protection, carrier- 
current communication on power lines, long-distance and toll 
telephony and lightning protection for oil tanks. The number 
of papers on the program has been kept low so that there will be 
ample time for discussion. In addition to the technical papers 
there will be addresses by President Bancroft Gherardi and Dr. 
Harris J. Ryan. Further information on the events is given in 
the accompanying tentative program. 

A feature of the Convention will be the Student and Branch 
program held on the first day. There will first be a luncheon 
and then a conference of Branch Counselors and Chairmen and 
this will be followed by a session devoted to technical papers 
written by the students. All members are invited to attend 
these meetings. 

In addition to the excellent technical program to be presented, 
there will be numerous entertainment features and sporting 
events. Probably outstanding in the latter will be the annual 
golf tournament with the J. B. Fisken cup as the prize. Other 
sports include swimming, tennis and boating. Special entertain- 
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ment features will be provided for women guests and will include 
bridge parties, motor trips, golf, swimming, tennis and similar 
activities. 

The annual banquet to be held on Thursday evening will be 
the largest general social affair. Here again the Entertainment 
Committee has provided numerous interesting features. 

Inspection trips will be arranged for the purpose of enabling . 
delegates to visit important projects of an engineering nature. 
In addition to the points of interest near San Francisco, there are 
available from Del Monte, the Pit River and Melones projects of 
the Pacific Gas and Electric Company, the Kings River project of 
the San Joaquin Light & Power Corporation, and the Big Creek 
development of the Southern California Edison Company. In- 
spection trips will be arranged by the entertainment committee 
as desired. One trip in particular that will be of more than 
usual interest will be the visit to the Ryan High-Voltage Labora- 
tory at Stanford University where Dr. Harris J. Ryan himself 
will be the host. 

The location of the Convention headquarters, the Hotel Del 
Monte on the Monterey Peninsula, is most fortunate. This is 


an ideal spot for pleasure, offering as it does a combination of 


Hote, Dex Montr—HEaApQuarRTERS FOR THE A. I. HE. EB. 
Paciric Coast CONVENTION 


mountains, forest and ocean. By special arrangement with the 
hotel, the following rates will be offered for the convention: 


HOTEL DEL MONTE 
DAILY RATES INCLUDING MEALS 


No. of Price per 

Room persons person 
Single without bathe se aeesis scree 1 $ 8.00 
Doubleswithoutibathe 2... claves teane 2 7.60 
Single, with bath. vas one omceieerats 1 10.00 
Double;iwith: bathivtamec.. aide sia cepenee es 2 9.00 
Tyworsingles bath Dots... vctesersie ev ererere 2 9.50 
DP woOldoublesy bachietion smveutactis| + 8.50 


All plans for the meeting are being ably handled by the 
following general committee: P. M. Downing, Chairman; 
D. I. Cone, Vice-Chairman; G. H. Hagar, E. A. Crellin, W. L. 
Winter, W. R. Van Bokkelen and A. G. Jones. : 


TENTATIVE PROGRAM 
Tunspay, SEPTEMBER 13 
Morning Registration 
12:00 m. Student Branch Counselors’ and Leaders’ Luncheon. 
2:00 p. m. Student Branch Conference. 
3:00 p. m. Student Technical Meeting. 
Evening Open. 
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WEDNESDAY, SEPTEMBER 14 
9:30 a. m. Technical Session. 
The Relation between Frequency and Spark-Over 
Voltage in a Sphere-Gap Voltmeter, L. BE. Reu 
kema, University of California. 
The Space Charge that Surrounds a Conductor in 
Corona, J. 8. Carroll and’J. T. Lusignan, Jr., 
Stanford University. 
Electric Oscillations in the Double-Circuit Three- 
Phase Transmission Line, Y. Satoh, Stanford 
University. 
Afternoon Recreation. 
8:00 p. m. General Meeting. 
Address by President Bancroft Gherardi. 
Address by Dr. H. J. Ryan on Phases of Future 
Electrical Development.’ 


THURSDAY, SEPTEMBER 15 
9:30 a. m. Technical Sessions. — 

Advance Planning of the Telephone Toll 
J. N. Chamberlin, Pacific Tel. & Tel. Co. 

Tandem System of Handling Toll Calls in and About 
Los Angeles, EK. Jacobson, American Tel. & Tel. 
Co., and F. O. Wheelock, So. California Tele- 
phone Co. 

Coupling Capacitors for Carrier-Current Communica- 
tion over Power Lines, T. A. EK. Belt, General 
Electric Co. 

A Carrier-Current Pilot System of Transmission-Line 
Protection, A. S. Fitzgerald, General Electric Co. 

1:30 p. m. Technical Session. 

Transients Due to Short Circuits, R. J. C. Wood and 
L. F. Hunt, Southern California Edison Co., 
and S. B. Griscom, Westinghouse Elec. & 
Mfg. Co. 

Equipment for 220-Kv. Systems, J. P. Jollyman, 
Pacifie Gas and Elec. Co. 


Plant, 


Tue Gour CoursE 


Static Stability Limits and the Intermediate Condenser 
Station, R. D. Evans and C. F. Wagner, West- 
inghouse Elec. & Mfg. Co. 
Synchronous Condensers, P. L. Alger, General Elec- 
tric Co. 
7:00 p. m. Banquet. 


Fripay, SEPTEMBER 16 


9:30 a. m. Oscillographic Recording Apparatus for Transmtssion- 
Line Studies, J. W. Legg, Westinghouse Elec. 

& Mfg. Co. 
High-Voltage Oil Circuit Breakers for Transmission 


INSTITUTE AND RELATED ACTIVITIES 


839 


Networks, Roy Wilkins and E. A. Crellin, Pacific 
Gas & Elec. Co. 


Lightning Protection for Oil-Storage Tanks and 


Reservoirs, R. W. Sorensen, J. H. Hamilton and 
C. D. Hayward, California 
Technology. 
Lightning Protection for Oil Tanks, BE. R. Schaeffer, 
Johns-Manville, Inc. 
Friday afternoon and Saturday—open for recreation and trips. 


Institute of 


A Swimmine Poo. at tHE Det Monte Hore 


A Great Summer Convention Held 
in Detroit 


The 1200 members and guests of the Institute who attended 
the forty-third Summer Convention held at the Book-Cadillae 
Hotel, Detroit, June 20-24, were amply repaid by a most excellent 
program of valuable technical contributions and many enjoyable 
entertainment features. Hight technical sessions as well as 
conferences of Section delegates and Branch counselors were 
held; also a meeting of the Board of Directors and a number of 
committee meetings. There were, too, numerous trips and a 
number of social and sports events. 

The Convention was officially opened on Tuesday morning, 
June 21, by Alex Dow, Chairman of the General Convention 
Committee. Mr. Dow, representing also the Mayor of the City 
of Detroit, extended a hearty welcome to all in attendance. 

President C. C. Chesney then delivered his presidential address 
which created no little interest, and is published in this issue of 
the Journau. President-elect Bancroft Gherardi was introduced 
and responded with a brief and appropriate talk. 

Following, came the presentation of the Institute prizes for 1926 
convention papers of which full details were published in the 
June issue of the JouRNAL, p. 688. 


TECHNICAL SHSSIONS 
In the following paragraphs are given the titles of the papers 
presented at the various technical sessions, and also some of the 
important points of the discussions. Many of the papers have 
already been published in the JourRNAL and copies of any of indi- 
vidual interest may be obtained from Institute headquarters. 
Full discussion will be published in later issues of the JouRNAL. 


Power Plants, Transmission and Relays—Tuesday Session. 


In the first technical session, held on Tuesday morning, (W. S. 
Gorsuch, Chairman), the following papers were presented: 
Holtwood Steam Plant, Design and Operation in Coordination 
with Water Power, F. A. Allner; Auxiliary Power at Richmond 
Station, J. W. Anderson and A. C. Monteith; Recent Investigations 
of Transmission-Line Operation, J. G. Hemstreet; Ground-Relay 
Protection for Transmission Systems, B. M. Jones and G. B. 
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Dodds; Directional Ground-Relay Protection, J. V. Breisky, 
G.W. King and J. R. North. 

In the discussion following these papers, ground relays and 
insulator flashovers were the principal topics. H. P. Sleeper 
said that ground-relay protection is justified because (1) it 
minimizes danger at the fault and (2) it reduces the voltage drop 
on the system. He stated that the relay scheme described by 
Messrs. Jones and Dodd had been very effective for his system, 
having cleared a conductor-to-sheath ground in a 26-kv. joint so 
quickly that no outward sign of the fault was evident. With a 
75-ohm resistance in the neutral, a voltage dip of 2 to 4 per cent 
occurs compared with a 10 to 20 per cent drop with a solid ground. 
He uses line loads very successfully to check the relays and does 
not believe actual field grounds are justified. 

B. M. Jones said that he believes actual grounding is desirable 
and also stated that in applying 305 grounds to check 484 relay 
installations, 17 errors in connections and settings were found. 

I. HK. George stated that directional ground relays are neces- 
sary for high-voltage systems. He employs relays operated by 
two currents, (over-current and directional), actuating one disk. 
He strongly favored testing with field grounds. 

H. A. P. Langstaff pointed out the value of ground relays in 
reducing the duty on oil cireuit breakers. His company has 
discarded the watt-operated relay for the current-operated. He 
most always favored testing with line loads. 

G. H. Doan stated that his company had been using a mechani- 
eally balanced differential relay with almost perfect success. 
Its operation is very rapid. He spoke also in favor of more 
powerfulrelays. Test transformers are employed by him in place 
of actual grounds. 

L. H. Crichton pointed out that the ground relays employed 
on a system having a neutral resistance might be employed on a 
system grounded without neutral resistance, provided a phase- 
shifting device is added to the relay. 

H. M. Trueblood pointed out that a ground resistance is de- 
sirable on grounded-neutral systems to minimize inductive dis- 
turbances on exposed communication lines. 

In commenting upon Mr. Hemstreet’s paper, EK. E. George 
agreed that increasing the ground resistance increases the number 
of insulator flashovers. 

G. H. Doan corroborated Mr. Hemstreet’s statement that the 
top wire is most susceptible to flashovers. He reported that in 
the Detroit Edison Company, 77 per cent of the flashovers on 
120-ky. lines occurred on the upper conductor. He also reported 
that since the installation of a ground wire, switch openings, due 
to lightning, had decreased about 94 per cent; at the same time 
the number of storms per year had decreased about 50 per cent. 
He emphasized the fact that high ground resistance results in a 
large number of flashovers. 

R. L. McCoy agreed in recommending longer-spaced insulators 
to decrease the number of flashovers. He stated that grading 
shields increase from 15 to 20 per cent the flashover value of 
insulators. 

A. QO. Austin also supported the value of a well installed ground 
wire. He pointed out that higher transmission lines have more 
flashovers in proportion to height than might be expected. 
He then drew attention to the advantages of wood poles and 
mentioned the fact that counter-poise ground wires are being 
investigated with an offer of advantages. 


The Electric Arc—Tuesday-Hvening Lecture. 


One of the most valuable Technical contributions was the lec- 
ture by Dr. K. T. Compton of Princeton University on ‘‘The 
Physical Nature of the Electric Arc,” on Tuesday evening. 
The meeting was presided over by Prof. V. Karapetoff, and some 
interesting discussion developed. 

Joseph Slepian mentioned a number of experiments which he 
had performed and which had proved that ares may be formed 
which cannot be attributed to thermionic emission. 

J.C. Lincoln described a novel phemomenon which he called an 
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“electric torch’? and which demonstrated an unusual type of are. 

Professor Karapetoff drew attention to the fact that Dr. 
Compton’s lecture dealt mainly with the simplest form of are, 
with which the electrical engineer is usually not concerned. He 
pointed out, however, that Dr. Compton’s theories and reasoning 
would be of great value in the study of the types of are found in 
practical use. 


Technical Committee Reports—Wednesday, Session A. 

The technical program on Wednesday morning consisted of the 
presentation of fourteen Technical Committee Reports, and a 
report of the Standards Committee. These reports were pre- 
sented in two sessions. In Session A, at which H. B. Smith 
presided, the following reports were given: Research, J. B. 
Whitehead, Chairman, (presented by F. W. Peek); Hlectrophysics, 
Vladimir Karapetoff, Chairman; Standards, J. F. Meyer, 
Chairman (presented by H. A. Kidder); Instruments and 
Measurements, A. E. Knowlton, Chairman; Communication, 
H. P. Charlesworth, Chairman; Production and Application of 
Light, P. S. Millar, Chairman; Electrical Machinery, H. M. 
Hobart, Chairman, (presented by H. S. Barns). 

In the ensuing discussion on the report of the Committee on 
Research, C. E. Magnusson and R. W. Sorensen both differed 
with the report’s statement that only a small amount of research 
is being done in the colleges. They stated that extensive and valu- 
able research is being done in many colleges. They pointed out 
the difficulty, financially, of supporting college research and sug- 
gested that the industries which benefit from such research should 
contribute much more freely of financial assistance. F. C. 
Caldwell, R. E. Hellmund, F. A. Brownell and J. C. Clark also 
contributed to the discussion of these reports. 


Technical Committee Reports—W ednesday, Session B. 


In Session B on Wednesday morning, at which D. W. Roper 
presided, the following Technical Committee Reports were 
presented: Power Generation, W. S. Gorsuch, Chairman; Power 
Transmission and Distribution, Philip Torchio, Chairman; 
Protective Devices, F. L. Hunt, Chairman (presented by E. C. 
Stone); Applications to Iron and Steel Production, A. G. Pierce, 
Chairman; Applications to Mining Work, W. H. Lesser, Chair- 
man; Transportation, J. V. B. Duer, Chairman; Electric Welding, 
J. C. Lincoln, Chairman; Electrochemistry and Electrometallurgy, 
G.W. Vinal, Chairman (presented by E. C. Crittenden). 

In discussing the Report of the Committee on Power Genera- 
tion, Philip Torchio said that manufacturers evidently have not 
reached the limit in generator sizes. He pointed out that the 
present coal economies are being obtained at the expense of 
increased capital investment. : 

F. A. Scheffler said that the coal used in pulverized form is 
approximately 17 per cent of the total coal consumption in publie 
utility plants in this country. 

In commenting upon the Report of the Committee on Pro- 
teetive Devices, Alfred Herz cautioned against the use of unsuit- 
able film in the klydonograph and the varying effects of atmos- 
pherie conditions. 

J. Allen Johnson suggested the need for defining a standard 
lightning surge or transient voltage which should be used for 
comparative tests of lightning arresters. 

The discussion on the Report of the Committee on Applica- 
tions to Mining Work dealt mainly with the subject of ‘‘per- 
missible’’ equipment. 

J. C. Lincoln in answering questions on his report stated that, 
although the Boiler Code does not permit electric welding of fire 
pressure vessels, the railroads have been successfully repairing 
locomotive boilers by electric welding for a number of years. 
Other discussors were 8S. J. Rosch, E. J. Gealy, A. M. 
MacCutcheon, EK. C. Crittenden and F. W. Funk. 


Telegraphy, Phonographs and Television—Thursday, Session A. 


Telegraphy, phonographic reproduction and television were 
the topics of Session A Thursday morning. H. P. Charlesworth 
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was Chairman at this session. The following papers were pre- 
sented: Printing Telegraphs on Non-Loaded Ocean Cable, Herbert 
Angel; A Non-Rotary Regenerative Telegraph Repeater, A. F. 
Connery; Electrical Reproduction from Phonograph Records, 
E. W. Kellogg; Symposium on Television, led by Dr. Herbert E. 
Ives. 

In commenting on Mr. Angel’s paper, Mr. Connery stated that 
it is much easier to detect an error when using the three-element 
cable code than when using the five-unit code. 

Mr. Angel pointed out that the received impulses with the 
cable printer are larger and better able to stand disturbances 
than the impulses when using cable Morse code and that the 
accuracy is quite as good. Commenting on Mr. Connery’s 
paper he stated that the rotary and non-rotary repeater each has 
its field. The rotary repeater, he said, is more suitable for leaking 
off messages. He said also that brush transmission is better than 
contact transmission. Mr. Connery claimed that in view of 
recent developments relay transmission is probably quite as 
satisfactory as brush transmission and is much simpler and easier 
to maintain. 

In discussing Mr. Kelloge’s paper, C. R. Hanna claimed that 
any magnetic arrangement would give practically the same sensi- 
tivity and therefore the scheme which is most suitable from a 
mechanical standpoint could be implied. The two factors which 
govern sensitivity, he stated, are the net stiffness of the vibrating 
element and the inductance of the magnetic circuit. 

The symposium on television was abstracted in one short 
lecture by Dr. H. EK. Ives, who was introduced by E. B. Craft. 
In a brief and interesting manner Dr. Ives covered the main 
points in the group of five papers which were as follows: Tele- 
vision, H. EK. Ives; The Production and Utilization of Television 
Signals, F. Gray, J. W. Horton and R. C. Mathes; Synchroniza- 
tion of Television, H. M. Stoller and E. R. Morton; Wire Trans- 
mission of Television, D. K. Gannett and E. I. Green; Radio 
Transmission of Television, E. li. Nelson. 

Demonstrations of the television equipment were given at 
various hours on Thursday afternoon and Friday. A complete 
set-up of equipment for sending, transmitting and receiving was 
in operation in a lower section of the hotel. Members were 
allowed to inspect the equipment and also to view the moving 
image of a human subject transmitted by wire from one room to 
another. 


Cable Joints, Control, Wave Propagation and Electrical Units— 
Thursday, Session B. 

In Session B on Thursday morning (L. W. W. Morrow pre- 
siding) the following four papers were presented: High-Voltage 
Multiple-Conductor Joints, T. F. Peterson; Use of High-Fre- 
quency Currents for Control; C. A. Boddie; Electromagnetic Waves 
Guided by Parallel Wires, S. A. Levin; The International Electrical 
Units, H. C. Crittenden. 

In commenting on Mr. Peterson’s paper, D. W. Roper said that 
three-conductor joints, such.as those described, have been very 
successful. He emphasized the need of very careful selection of 
material, absolute cleanliness and proficient workmanship. His 
Company gives very thorough training to men who make such 
joints, and it has had no failures in 400 joint-years of service on 
66-kv. cable. 

E. D. Eby urged the use of stepped insulation instead of 
penciled insulation. 

D. M. Simons stated that a satisfactory joint could also be 
made by carrying the conducting shield entirely across the joint 
and by applying stepped insulation by hand. These two opera- 
tions differ from those employed in Mr. Peterson’s joint. 

F. A. Brownell also stated that such joints as mentioned by 
Mr. Simons had been found highly satisfactory. 

J. F. Fairman mentioned the importance of installation of oil 
reservoirs on cable joints and cited the good results which had 
been obtained from such installation. 

W. F. Davidson urged the need for cables so constructed and 
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impregnated that they would have longitudinal as well as radial 
dielectric strength. 

Herman Halperin stated that his experience with petrolatum 
for 33-kv., three-conductor joints had been unfavorable and that 
a more fluid oil had been substituted with very satisfactory 
results. 


Corona, Dielectrics and Rectifiers—Friday, Session A. 

In Session A on Friday morning the six papers given below were 
presented. W.B. Kouwenhoven was Chairman of this session. 
An Investigation of Corona Loss, EB. C. Starr and W. L. Lloyd; 
Law of Corona and Dielectric Strength, F. W. Peek; Puncture Volt- 
age as a Precision Measurement, V. Bush and P. H. Moon; 
The Electrical Reistivitiy of Insulating Materials, H. L. Curtis; 
Electric Strength of Solid and Liquid Dielectrics, Wm A. Del Mar, 
W. F. Davidson and R. H. Marvin; Mercury-Arc Rectifier 
Phenomena, D.C. Prince. 

In commenting upon the papers on corona, V. Karapetoff 
suggested two schemes for simplifying the work of reading 
cathode ray oscillograms—the first, a mechanical transcriber for 
changing the abscissas to Cartesian coordinates; and the second, 
a determination of areas and lines by weighing with a balance. 

C. F. Harding brought out the fact that corona losses at very 
high voltages are less than the losses calculated by the quadratic 
law for lower voltages. He pointed out that transmission lines 
designed with the quadratic law in mind are therefore on the 
safe side in respect to corona losses. Mr. Peek agreed that with 
the higher voltages, the equation changes, but suggested that the 
important thing is to work below the corona voltages. 

In discussing the paper by Messrs. Bush and Moon, both 
W. W. Shaver and F. M. Clark agreed with the authors that the 
breakdown of impregnated insulation cannot be explained on the 
basis of the pyroelectric theory. W. F. Davidson and Herman 
Halperin contributed further discussion. 


Overhead Railway Contact Systems—Friday, Session B. 


In Session B on Friday morning five papers on overhead con- 
tact systems for electric railways were presented. J. V.B.Duer 
was Chairman of this session. The papers were as follows: 
Current Collection from an Overhead Contact System Applied to 
Railroad Operation, 8. M. Viele; Catenary Design for Overhead 
Contact Systems, H. F. Brown; Catenary Construction for Chicago 
Terminal Electrification of Illinois Central Railroad, J. S. Thorp; 
Collection of Current from Overhead Contact Wires, R. HB. Wade and 
J.J. Linebaugh; Railway Inclined-Catenary Standardized Design, 
O.M. Jorstad. 

In commenting on these papers M. W. Manz stated that it was 
his belief that the ideal contact-wire system is one in which the 
inertia of the contact wires is the same from one end of the 
system to the other. 

G. I. Wright stated that the Illinois Central is considering the 
application of roller bearings for contactors. He differed with 
Mr. Jorstad’s prophecy that the inclined catenary will be the 
future standard overhead system because, he stated, there are 
many important railroads which prefer the chord construction. 

J. C. Damon mentioned the advantages of employing very 
heavy messenger and non-rusting construction. 

K. T. Healy said that the cost of construction should largely 
govern any design of overhead system. He emphasized the 
necessity for coordinated design of both pantograph and over- 
head construction. He stated that on some European panto- 
eraphs, the effective inertia has been reduced by introducing a 
secondary bow for the shoe—this bow being free to swing about 
its own axis and being held in position by small springs. The 
small bow, weighing only afew pounds, follows the minor irregu- 
larities of the trolley height. Experience has shown that a single 
shoe will collect 180 amperes perfectly at 55 mi. per hour and 250 
amperes, at 27 mi. per hour. Pantograph pressures have been 
kept down to 79 lb. and aluminum shoes are used with negligible 
wear on the contact wires. Lighter overhead construction is 
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used and the costs per mile are less than half of the costs for 
corresponding types of American practise. 

N. Litchfield outlined the history of the development of the 
modern ecatenary. 

In answer to some questions, Mr. Viele stated, among other 
things, that splices in the contact wire mean a deterioration of 
about five times that which occurs without the splices. The 
effect of the variation in height-in a span length is relatively 
small as compared with the effect of splices. 

SocraL Events 

The principal events scheduled for the entertainment of those 
in attendance were the President’s reception and dance on 
Tuesday evening, the Convention banquet on Wednesday even- 
ing, the musicale by Professor Karapetoff, Thursday afternoon, 
and the lake ride on Thursday evening. In addition to these, 
the ladies enjoyed a number of teas, drives and other events. 

The social program opened on Monday evening with an in- 
formal dance, which was held in the Crystal Ballroom of the 
Book-Cadillac Hotel. 

The President’s reception took place in the Grand Ballroom on 
Tuesday evening, with a receiving line of President C. C. 
Chesney, President-elect Bancroft Gherardi and a number of 
other past and present officers of the Institute, together with 
accompanied ladies. After the reception, there was dancing 
with a very pleasing entertainment novelty introduced during 
intermission. 

On Wednesday evening the convention banquet was held. 
Alex Dow presided as Chairman at the dinner, andafter opening 
the meeting, he introduced C. F. Hirshfeld, who acted as toast- 
master. Mr. Hirshfeld introduced the three speakers of the 
evening. The first speaker was C. I’. Kettering, Vice-President 
of the General Motors Corporation, who spoke on the need for 
and the value of scientific research. He was followed by C. M. 
Newcomb who gave a talk on the psychology of laughter. The 
last speaker was W. B. Stout, President of the Stout Metal 
Airplane Division of the Ford Motor Company, who spoke on 
commercial aviation. He told of the great developments which 
have been made in perfecting safe airplanes for commercial 
purposes. Throughout the delightful dinner music was furnished 
by the Book-Cadillac Hotel orchestra and vocal selections were 
rendered. ; 

On Thursday afternoon Professor Vladimir Karapetoff en- 
tertained a large audience with a recital upon the five-stringed 
cello which he has developed. In addition to playing a number of 
delightful selections Professor Karapetoff also explained the 
problems encountered in designing this special instrument. 

A very enjoyable ride up the Detroit River and in Lake St. 
Clair was taken Thursday evening on the Steamer Tashmoo. 
Among the features of the ride were dancing to music from a 
ten-piece orchestra, vaudeville entertainment and the prize draw- 
ing for an electric refrigerator. 

As already mentioned, there were a number of other entertain- 
ment events for the ladies, including a reception and teas, bridge 
parties, putting contests, a matinee party and sightseeing drives. 


InsPEcTION TRIPS 


A very large number of those in attendance took the oppor- 
tunity of making the inspection trips which were arranged. There 
were three main trips. The first trip on Tuesday afternoon was 
made in busses to a large number of points of general interest in 
the city. 

Probably the most important trip was that to the Trenton 
Channel Generating Station of the Detroit Edison Company, 
which was made on Wednesday afternoon. 

On Thursday a trip was made to the Ford Airport where quite 
a number of the members made 30-mile airplane flights over the 
manufacturing and suburban districts of Detroit. 

There were also many visits by small parties to automobile 
manufacturing plants, power company plants, telephone plants, 
radio stations and other points of interest. 
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Sports e 


Both golf and tennis tournaments were held during the con- 
vention. There were a large number of entrants for the golf 
tournament which was held at the Hawthorne Valley Golf Club. 
The main event in this tournament was the competition for the 
Ralph D. Mershon Cup and this event was won by J. H. Sweet- 
nam. His name will be added to the list of the names of 12 others 
who have already won this contest one time. Winning of the cup 
twice entitles the winner to permanent possession of it. The 
runner-up in this contest was G. V. Brown. Various other con- 
tests were held—the winner of the low gross score on Tuesday 
being R.O. Bentley and the low net score J. E. Kearns. On 
Wednesday the winner of the low gross score was J. D. Lyon; 
the low net score, S. P. Grace; the best selected 9 holes, J.S. Lapp, 
and the best par three holes, W. J. Foster. On Thursday the 
winner of the kicker’s handicap was P. O. Noble and the best par 
three holes, F. A. Scheffler. All of the winners received handsome 
prizes. 

In the tennis tournaments there were 16 entrants and both 
singles and doubles tournaments were played. The winner of 
the singles tournament was G. A. Sawin and the runner-up was 
J. Nikonow. This contest was played for the Mershon Tennis 
Trophy, which must be won twice by one player for permanent 
possession. The doubles tournament was won by G. A. Sawin 
and H. B. Vincent and the runners-up were A. Howard and J. 
Nikonow. Appropriate prizes were presented to the winners and 
runners-up of both tournaments. 


CONFERENCES OF SECTION AND District DELEGATES 


The first day of the Summer Convention, Monday, June 20, 
was devoted to the Conference of Section and District Delegates 
held under the auspices of the Sections Committee until 4:00 
p.m., and under the auspices of the Committee on Student 
Branches from 4:00 to 6:00 p. m. 

Forty of the fifty-two Sections were represented by delegates. 
Three Geographical Districts were represented by their Secre- 
taries or alternates, and seven District Committees on Student 
Activities were represented by officially appointed Counselor 
Delegates. A considerable number of officers, officers-elect, 
and other interested members were present also. 

Professor Harold B. Smith, Chairman of the Sections Com- 
mittee, presided over the parts of the conference held under the 
auspices of his Committee. The following program, which had 
been prepared in advance by a special committee and mailed to 
all the delegates, gives the principal subjects discussed. 


1. Announcements by Professor Harold B. Smith, Chairman, 
Sections Committee. 

2. Remarks by President Chesney. 

Remarks by President-elect Gherardi. 

4. Resumé of the results of previous Sections Committee 

Conferences by National Secretary Hutchinson. 

Publie Relations. 

Discussion of the report of the Special Committee to 
Develop Contacts With the Public. Included in the pro- 
eram upon the recommendation of that Committee, 
approved by the Board of Directors, April 8, 1927. This 
report includes topics a, b, and e below. 

a. Local membership of Sections. 

b. Visiting speakers for Sections. 

ce. Radio broadeasting of engineering talks. 

d. Means of obtaining publicity on Section activities. 

e. General discussion of participation of engineers in 
publie affairs. 

6. Proposed annual report from each Section. 

Reports to include aims, activities, programs, etc., and 
all to be printed in single pamphlet for distribution to the 
Sections. 

7. Any other business of the Sections Committee. 

Following the discussion of Public Relations as outlined in 5, 
the Conference passed the following resolutions expressing its 


- 


On 
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concurrence in the suggestions of the Special Committee to 
Develop Contacts With the Public and making certain recom- 
mendations to the Board of Directors regarding the Bacoenre 
to be followed in putting them into effect: 

1. Resotvep, that this Conference of Section Delegates be- 
lieves that many of the sections are so situated with respect 
to local engineering industry and to other engineering bodies 


as to provide the opportunity to establish a grade of local mem- , 


bership which will accomplish two purposes. 

(1) to enlarge the points of contact of the engineering pro- 
fession with the semi-engineering and lay public, 

(2) to establish a selected group of prospective members of 
the Institute, ; 

Resotvep, therefore, that this Conference of Section Dele- 
gates is in accord with the Report of Committee on Contacts with 
the Public in its recommendation to the Board of Directors that 
such Sections of the Institute should be encouraged to enroll 
local members, not limited to engineers but to include any persons 
interested in the application of engineering to the advancement 
of public welfare, 


Resoutvenp, further, that the Sections be urged to impress 
upon appropriate local members the desirability of qualifying 
for membership in the American Institute of Electrical Engi- 
neers in order that the local membership program shall perform 
the function of sustaining the growth of the national organization 
at arate commensurate with the growth of the electrical industry, 

Resouvep, further, that it is desirable that those Sections 
_ which have had local members should, for the benefit of other 
sections contemplating such a policy, incorporate their local 
membership receipts, total expenditures and accumulated reserve 
in their annual financial report. 


2. ReEsouven, that it is the opinion of the Conference that 
each District Executive Committee should develop a plan where- 
by each Section in the District shall be assisted in securing one or 
more prominent speakers for appropriate dates on the annual 
program. 

3. Resoxtvep, that this Conference recognizes radio broad- 
casting as an effective means of bringing before the public the 
aims and accomplishments of the engineering profession and 
therefore advocates that Sections utilize local or chain broad- 
casting of all programs that contain matter of interest to the 
general public; 

ReEsoLveD, further, that this Conference advocates also the 
broadcasting of such portions of regional meetings and Institute 


conventions and of such special addresses as will contribute to a | 


better public appreciation of the services rendered by the 
engineering profession. 

There was a general agreement that some form of annual re- 
port upon the activities of each Section is desirable, and a motion 
was passed requesting that the Chairmen of the Sections Com- 
mittee and the Committee on Student Branches, appointed for 
the year 1927-28, meet soon after August 1 to appoint a joint 
editing committee to secure the desirable information during 
the year and make it available for use next spring. 

The latter part of the conference was devoted to a discussion of 
student activities, and was presided over by Dr. C. E. Magnus- 
son, Chairman of the Committee on Student Branches. 

Reports upon all Student Conventions and District Con- 
ferences on Student Activities were presented for the purpose of 
bringing to the attention of those present the best ideas and prac- 
tises from all Districts. The conference was concluded by a brief 
general discussion of Branch problems. 

An abstract of the proceedings of the entire conference will be 
printed in pamphlet form and mailed to all delegates in atten- 
dance, and to Section, Branch, and National officers. Any 
Institute member who is interested in the proceedings may 
obtain a copy of the pamphlet without charge upon application 
to Institute headquarters, New York. 
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APPRECIATION OF CONVENTION CoMMITTER’S WORK 

A most able and effective convention committee with Alex Dow 
as chairman and G. B. McCabe as vice-chairman and consisting 
of 70 men and 70 ladies, is responsible for the success of this 
meeting. In view of the thorough organization and good manag- 
ment of the convention the Board of Directors of the Institute at 
its meeting on June 23 passed a resolution of appreciation of the 
work of this convention committee. : 


A. I. E. E. Directors Meeting 


A meeting of the Board of Directors of the Institute was held 
on Thursday afternoon, June 23rd, at the Book-Cadillae Hotel, 
Detroit, Michigan. 

Present: President C. C. Chesney; Vice-Presidents H. M. 
Hobart, B. G. Jamieson, A. G. Pierce, H. H. Schoolfield, Herbert 
S. Sands; Managers J. M. Bryant, H. P. Charlesworth, F. J. 
Chesterman, H. C. Don Carlos, M. M. Fowler, H. A. Kidder, 
I. E. Moultrop, E. C. Stone; National Seeretary F. L. Hutchin- 
son. By invitation: Past Presidents B. J. Arnold and A. W. 
Berresford; Officers-elect J. L. Beaver and E. B. Meyer; C. H. 
Sharp, President, U. S. National Committee of the I. E. C.; 
C. E. Skinner, Chairman, American Engineering Standards 
Committee; Harold B. Smith, Chairman Sections Committee; 
and Assistant National Secretary H. H. Henline. 

On the recommendation of Mr. Arnold, Chairman of the 
American Committee on Electrolysis, the Board voted to continue 
its representation of three upon this joint committee. 

On the recommendation of the Board of Examiners, the 
following actions were taken upon pending spun 

70 Students were ordered enrolled 

310 applicants were elected to the grade of Associate 

7 applicants were reelected to the grade of Associate 
1 applicant was reinstated to the grade of Associate 

22 applicants were elected to the grade of Member 
1 applicant was relected to the grade of Member 
1 applicant was elected to the grade of Fellow 

54 applicants were transferred to the grade of Member 
4 applicants were transferred to the grade of Fellow 

The Board ratified the approval, by the Finance Committee, 
for payment of monthly bills amounting to $26,964.45. 

Upon the request of Vice-President Sands of Denver, supported 
by the recommendation of the Coordination Committee of the 
Institute, it was voted to hold the 1928 Summer Convention in 
Denver during the week beginning Monday, June 25, 1928. 

The Committee on Coordination of Institute Activities re- 
ported that it had considered the various movements for meet- 
ings, both national and regional, and submitted the following 
schedule of proposed meetings with the recommendation that 
this schedule be adopted, subject to such adjustments regarding 
exact dates and locations as may become necessary in order to 
distribute the meetings to the best advantage chronologically 
and geographically. The committee called attention to the 
undesirability of concentrating the principal meeting activities 
of the year within the first six months, and recommended a 
ereater interval of time between meetings. 

The Board voted to approve the above recommendations and 
the schedule of meetings, as printed below: 

Del Monte, California, September 13-16, 1927, Pacific Coast 

Convention. (previously authorized). 

Chicago, Illinois, November 28-30, 1927, Regional Meeting 

of Great Lakes District. 

New York City, February 1928, Annual Winter Convention. 

Northeastern District, Spring 1928, Regional Meeting (exact 

date and location to be determined later). 
Denver, Colorado, week beginning Monday, June 25, 1928, 
Annual Summer Convention. 

Northwest District, probably September 1928, Annual Pacific 
Coast Convention 

Southern District, Fall of 1928, Regional Meeting. 
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A report of the Committee on Award of Institute Prizes, 
dated May 11, which had been distributed to the members of the 
Board in advance, was considered. This report included a 
recommended revision of the present regulations regarding 
Institute National and Regional prizes and also embodied a 
plan for the grading of papers in making awards. It was voted 
to adopt the report of the Committee which is printed on another 
page of this issue of the JouRNAL. 

A report was submitted by Professor H. B. Smith, Chairman 
of the Sections Committee, on the actions taken at the Sections 
Delegates’ Conference held on Monday, June 20 (see account 
published elsewhere in this issue). It was decided to postpone 
consideration of Professor Smith’s report until the next meeting 
of the Board. In the meantime, a copy of the report will be sent 
to each member of the Board. 

Other matters of importance were discussed, reference to 
which may be found in this and future issues of the JouRNAL. 

The meeting closed with a unaminous vote of appreciation to 
President Chesney for his work on the Board and for the Institute 
during the past year. 


Exposition of Chemical Industries 


When the Eleventh Exposition of Chemical Industries opens 
its doors at the Grand Central Palace, September 26th, there 
will be one of the greatest collections of exhibits ever assembled 
in any one place in the world. 


For the first time in the history of the Exposition, foreign 
methods and practises will be shown, giving the manufacturers 
and users of the products the opportunity to compare domestic 
and foreign products, methods and practises which today have 
reached a high state of efficiency in all industry; in fact, the 
chemical engineer has had no small share in this advancement 
of civilization. 


The Exposition management announces that it is receiving 
communications from many manufacturers of metals and alloys 
and expects to be able to show between twelve and twenty of the 
various new non-corrosive iron and steel alloys. 


John Scott Medal Awarded to Grid-Glow 
Tube Inventor 


The John Scott medal, given annually in recognition of 
“useful inventions.for the use and benefit of mankind,’’ has been 


awarded to D. D. Knowles, 28-year-old inventor of the Grid-. 


Glow Relay. Notice of the award, which carries a cash prize of 
$1000 was given by Walter R. Russel, Acting Secretary. Pre- 
sentation will be made at a later date. , 

Mr. Knowles perfected his invention in the research laborator- 
ies of the Westinghouse Elec. & Mfg. Company. His grid-glow 
relay has been acclaimed as the most sensitive current-controlling 
device ever developed. The glow tube, which functions on a 
billionth of a watt, is set in operation by such tiny impulses as 
the mere approach of the human hand, a drop of water or the 
light of a match. 


Revision of Transformer Standards 
Suggested 


A revision of Section 13, A. I. E. E. Standards for Trans- 
formers, Induction Regulators and Reactors has been proposed 
by the A. I. E. E. Technical Committee on Electrical Machinery. 
The revision suggested is a development of those outlined in 
the May 1927 Journayu. The text of the revision is quoted 
herewith. Any suggestions or eriticisms relative to these 
revisions should be addressed to H. E. Farrer, Secretary, 
A. I. E. E. Standards Committee. Copies of the current No. 13 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


may be obtained at a cost of 40 cents (50% discount to members 
ZAG eeE) a Ee) 


SUGGESTED REVISION OF A. I. E. E. STANDARD 
NO. 13—TRANSFORMERS, INDUCTION REGULATORS 
AND REACTORS 


Grounding Transformers 

(a) Definition—Grounding transformers are used solely 
‘for the purpose of clearing a short circuit or accidental 
eround of a transmission line by means of relays or 
otherwise. 

(b) Rating—The rating of a grounding transformer 
shall be based upon the line voltage or terminal voltage 
during a ground if less than the line voltage, the fre- 
quency, the current in the ground cireuit when one line 
becomes grounded, and the time the transformer must 
earry the current. 

13-200 Limiting Temperature Rises.—The temperature 
rises above the temperature of the cooling medium of 
apparatus or parts thereof when tested in accordance with 
the rating, shall not exceed the values given in the follow- 
ing table. Temperature shall be determined by the 
methods indicated in Table I. Where two methods are 
specified neither of the limiting values, corresponding to a 
particular method, shall be exceeded. 


13-161 


TABLE I 
Limiting 
temperature rise 
in deg. cent. 
Method of Class A | Class B 
Kind of temperature insu- insu- 
Item rating determination | lation lation 
1 Transformers and | Continuous | Resistance 55 75 
other stationary or 
induction ap-| Short-time | ‘Thermometer 55 75 
paratus other 
than 2,3 &4... 
2 Air blast trans-|} Continuous | Resistance 55 
formers (see par. or 
13-208 b)...... Short-time | Thermometer 60 
Nominal Resistance 60 
Thermometer 65 
3 |Transformers hay-| Nominal Resistance 60 
ing a nominal Thermometer 60 
ravine... 
4 Reactors: os: « an Continuous | Thermometer 55 80 
5 | Metallic parts in contact with or adjacent to any kind of insulation, 
shall not attain a temperature in excess of that allowed for the 
adjacent insulation. 
6 Metallic parts other than those covered by Item 5 may attain such 


temperatures as shall not be injurious in any respect. 


13-250 Short-circuit Current of Transformers.—All trans- 
formers while in service shall be capable of withstanding 
short circuit without injury for the time periods given in 
the following table, assuming that normal line voltage 
is maintained: 


Per cent Time of short 
Impedance circuit in seconds 
4 2 
5 3 
5 4 
7 and above 5 


In a multi-winding transformer, the minimum impe- 
dance will determine the time of short circuit. 
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Transformers having an impedance less than 4 per cent 
shall be capable of withstanding under service conditions 
25 times normal full load current for two seconds. 

For the purpose of standardization the calculated 
temperature of the copper under short-circuit conditions 
given above shall not exceed 250 deg. cent. assuming: 

(a) All heat stored in the copper. 


(b) An initial temperature of 90 deg. cent. when the 
cooling medium is water. 

(e) An initial temperature of 105 deg. cent. when the 
cooling’ medium is air. 

The increase in temperature during short-circuit con- 
ditions may be computed by the following formula*: 


ro ees ut les 
saat) Mae ay B e 


where 
6 = Final temperature deg. cent. 
6) = Initial temperature deg. cent. 


6, = Absolute initial temperature = (0. + 234.5). 
t = Time in seconds. 
E = Ratio eddy current to J? R loss at 75 deg. cent. 


9 


2 Watts per lb. (at 40) 446 —amps_ 6, 10-1 
180 sq. in. 


75 04 
np Cir. mils ) 
( amps. 
B=20,+At' 
Exceptions: 
(a) Auto-Transformers, see Par. 13-253. 
7(b) Transformers which are to be directly connected 
to other apparatus possessing inherent reactance. In 
this case the combined reactance of the transformer and 


the connected apparatus shall be considered as limiting 
the short circuit of the transformer. 


13-252 Short-Circuit Current of Reactors. 


Current limiting reactors having an impedance of 3 per 
cent or more shall be capable of withstanding without 
injury for five seconds the maximum current that would 
result from any short circuit on the system with normal 
line voltage maintained at the supply terminals and with 
only the inherent impedance of the reactors in the circuit. 


Exception: Reactors having an impedance of less than 
3 per cent shall be capable of withstanding without 
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injury for five seconds a current equal to 33!/3 times the 
rated current. 


For the purpose of standardization the temperatur? 
of the copper under the short-circuit conditions given 
ubove shall not exceed 250 deg. cent. for Class A insu- 
lation or 350 deg. cent. for class B insulation, when 
calculated by means of the formula in Par. 13-250 
assuming: 

(a) that all heat is stored in the copper, and 


(b) an initial temperature of 105 deg. cent. for Class A 
insulation and 125 deg. cent. for Class B insulation. 


13-254 Grounding Transformers.—Grounding transformers 
shall be capable while in service of withstanding a short 
circuit for a minimum specified time of 60 seconds. 


For the purpose of standardization, 160 deg. cent is set 
as the maximum permissible ultimate temperature at the 
end of the 60-second period based on a calculation of the 
temperature, assuming that all of the heat is stored in 
the copper and that the initial temperature of the copper 
is 75 deg. cent. 


The increase in temperature during the short circuit 
condition may be computed by the formula given in 
Par. 13-250. 


If conditions should require that the time of short 
cireult exceed 60 sec., or if the transformer is to be used 
also for power purposes, ‘the case shall be considered as 
special. 

If additional resistances or reactance is to be provided 
external to transformer the amount, based on kv-a. 
(such as the ky-a. of a generator, ete.) should be stated. 


13-306 Measurement of Losses in Transformers. 


(a) *No-load Losses: No-load losses of transformers 
shall be measured by impressing rated nameplate volt- 
agey at normal frequency on one winding with the other 
winding, or windings, open circuited. 

(b) *Load Losses: Load losses of transformers shall be 
measured by applying a primary voltage, at rated fre- 
quency, sufficient to produce rated load current in the 
windings with the secondary winding short-circuited. 


13-402 Test Voltage to be Induced in Exceptions under 
13-400. 

(n) Transformers with Graded Insulation: Trans- 
formers, if for use on circuits of 66,000 volts and above 
and having windings directly and permanently grounded 
to the core or case, and designed to take advantage of the 
fact that the neutral or other point of the circuit is to be 


*This formula is not rigorously correct but for temperatures up to directly and permanently grounded, shall be tested by 
350 deg. cent. gives results accurate enough for practical purposes. induced voltage with connections so made that the un- 
Accurate results under any or all assumed conditions will be obtained by grounded or line terminals shall receive test voltage to 
foe oto wine formula: ground not less than 2.73 times the normal voltage 

sfatansy V/ | (22 60 X to EY as 1 4 i)—E,—234.5 developed by the winding, plus 1000 volts. If each 
309.5 phase of a three-phase transformer is tested separately, 
then an additional induced voltage test shall be made so 


where 
6 = Final temperature in deg. cent. as to produce between line terminals two times the rated 
60 = Initial temperature in deg. cent. : : cireuit voltage, plus 1000 volts. 
E, = Ratio of eddy current loss to the J” R loss at 75 deg. cent. Where transformers have graded insulation they shall 
t = Time in seconds. ; b a4 
A =4.0 X 10-1! D? e so marked. 

Bera Fare coe) Desc teaer eee ee *For the purpose of these measurements it is generally immaterial 
or 


which winding is considered the primary winding. 

In some cases where transformers have three or more windings it is 
necessary to use special methods of measuring load losses in order to 
determine those losses under specified load conditions. 

tit is recognized that under load conditions with rated secondary 
voltage maintained, the losses are slightly increased, the amount depending 

+For the purpose of this rule, directly connected apparatus shall be upon the load, power factor and whether for step-up or step-down service, 
considered to mean apparatus located only a few feet apart and connected but since in service conditions the increase in total losses are not over 3 
by busses or cables, so arranged that there will be practically no possibility | or 4 per cent (and in most cases less) for a power factor as low as 0.6, it 
of a short circuit occurring between them. has a negligible effect on the kv-a. output. 


A =1.56 X10° W 

where W = Watts per lb. (J? R at 75 deg. cent.) 
or 
A =65M~ 

where M = Cir. mils per amp. 


A Useful Library on Electric 
Communication 


What is perhaps the most complete private collection of works 
on the subject of electric communication is owned by Mr. 
Donald MeNicol, a Fellow of the Institute and past-president of 
the Institute of Radio Engineers. 

This collection was begun twenty-five years ago, and in order 
to make for its completeness in historical record and in all that is 
modern in communication theory and practise, it has been 
added to regularly. 

The historical matter includes many original documents, 
reports and the life history of all telegraph, telephone, cable and 
radio companies; statistics of communication; reports of all 
International congresses and conventions; and the history and 
copies of all telegraph codes and cipher. 

In this library there are approximately twenty scrap-books 
containing early references to telephone litigation, invention and 
legal controversies, and a bound annual volume of every tele- 
graph journal published in the United States from 1853 up to 
the present time. The collection of radio magazines contains 
Vol. I, No. 1 of all American and foreign periodicals on the 
subject, as well as a complete file of A. I. E. E. and I. R. E. 
literature. . 

There are about fifty books on electrical biography and 
transcripts of all government investigations of telegraph, tele- 
phone and radio operation and ownership. The fiction 
of electric communication is covered in many volumes 
collected over a long period of years. One large scrap-book 
contains copies of nearly a thousand poems which have 
appeared on the telegraph, submarine cable, telephone and 
radio since the inception of these arts. The scrap-books on 
radio include practically all of the original and important an- 
nouncements on the subject. 

There are other scrap-books containing original signatures of 
practically all engineers and executives who have been prominent 
in the development of communication methods and systems. 

In addition to this literary collection, Mr. McNicol has in his 
library at Roselle Park, N. J., another extensive collection of 
early telegraph, telephone and radio apparatus. 

In his long experience with electric communication, Mr. 
MeNicol has found time to write five books on communication 
subjects. By him also, another book entitled A History of 
Radio is soon to be published. 


Vice-President Dobson Visits Institute 
Sections 


W. P. Dobson, of Toronto, the Institute’s Vice-president in 
District No. 10, on May 18 presented before the Saskatche- 
wan Section at Regina, a paper entitled The Present State of the 
Insulator Problem, and on May 25, the same paper before the 
Vancouver Section. In each case he discussed Institute activi- 
ties with relation to the Sections in Canada. He attended the 
annual meeting of the Vancouver Section on June 7, but, due to 
lack of time, was unable to accept invitations to visit the San 

’ Francisco and Los Angeles Sections. He did, however, visit 
Seattle, and met the officers of the Section there, with other 
members. 

Mr. Dobson reports great enthusiasn among the members of 
the Saskatchewan and Vancouver Sections. These include in 
their membership most of the electrical men in their respective 
territories. 


Orville Wright Recipient of Washington 
Award 


Another honor has been accorded Orville Wright, pioneer in 
aviation, in the bestowal upon him of the Washington Award for 
1927. The award was administered by the Western Society of 
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Engineers, the American Society of Civil Engineers being repre- 
sented on the Commission. Mr. Wright has of late been doing 
consulting engineering. > 
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MR. FLINN RECEIVES HONORARY DEGREE 

Incidental to its centenary ceremonies, the University of 
Louvain conferred upon Alfred D. Flinn, Director of Engineering 
Foundation, the honorary degree of Doctor of Science. So 
special a dispensation of the Academic Council is noteworthy as 
an expression of good will from this ancient university to the 
engineers of the United States. Doctor Edward Dean Adams 
received the diploma for Mr. Flinn, whose work for Engineering 
Foundation necessitated a visit to the Pacific Coast at this time. 


\, 


WEE 
PERSONAL MENTION 

E. J. PrrnpuE has been elected president of the New York 
Patent Law Association. He was formerly with Prindle, Wright, 
Neal & Bean of New York, N. Y. 

GuismprE Faccroui, works engineer of the Pittsfield works of 
the General Electric Co., has been appointed associate manager 
and works engineer there. The appointment was effective 
July 1. 

D. R. Ciemons, for ten years an instructor in Dodges Insti- 
tute, Valparaiso, India, on May 3d joined the Development 
Branch of the engineering staff of the Western Electric Co., at 
Chicago. 

Ray W. Preston has been transferred from the Unit Cost? 
Department of the Southern California Edison Company to the 
position of Hstimating Engineer in its Resident Engineers’ 
Office at Big Creek, Fresno Co., Calif. 

CuLAuDE C. Brown has been appointed Gas Administrator for 
Southern California by the California State Railroad Com- 
mission. Mr. Brown is a graduate of the University of Cali- 
fornia and chairman of the California Gas Research Council. 
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Eimer A. Sperry, president of the Sperry Gyroscope Co., 
Brooklyn, N. Y., has been appointed on the Executive Committee 
of the A. S. M. E, to fill the unexpired term of George J. Mead, 
vice-president of Pratt & Whitney Aircraft Co., Hartford, Conn., 
resigned. Mr. Sperry is a charter member of the Institute. 


Burton L. Derack, assistant manager of the Schenectady 
works of the General Electric Company since December, 1926, 
has been appointed acting manager, effective July 1. Mr. Delack 
fills the vacancy caused by the promotion of 'C. E. Eveleth, elected 
a vice-president, June, 1927. 

ArtHuR PHetps Marr, consulting engineer and attorney, 
New York, N. Y.; is spending July and August in London and 
Berlin, interesting capital in the foreign rights of a number of 
American inventions. Mr. Marr became an Associate of the 
Institute in 1918. 

Epwarp A. Waaner, formerly of the Fort Wayne works of 
the General Electric Co. but since July, 1926, managing engineer 
in charge of all distribution transformers, with headquarters in 
Pittsfield, has been made acting manager of the Pittsfield works, 
succeeding Mr. C. C. Chesney, who has been chosen vice-pres- 
ident in charge of manufacturing, since the retirement of F.C. 
Pratt. 

Pauu O. Reyneavu has just become affiliated with the Cutter 
Electrical & Manufacturing Company of Philadelphia, Pa. 
He will devote the major portion of his time to the development of 
applications for air circuit breakers, for which work his long ser- 
vice in engineering and operating of electric light and power 
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company particularly qualifies him. Mr. Reyneau joined the 
Institute in 1910. 


Epwarp B. Doytr, who has been identified with Westing- 
house Elec. & Mfg. Co., New York, N. Y., is now representing 
the North East Service, Inc., in Indiana, the western half of 
Kentucky, the southern half of Illinois and eleven counties along 
the Mississippi River in Missouri, in both the sales and service of 
automotive equipment and electric typewriter equipment which 
his new company builds for the Remington Typewriter Company. 


Amory R. Haynaus, for the past 16 years with the Puget Sound 
Power & Light Co., at Dieringer, Wash., has accepted an appoint- 
ment as Electrical Engineer, Light Division, Dept. of Utilities 
of the City of Tacoma. Mr. Haynes is the author of several 
technical articles on hydroelectric and steam station operation. 
In 1926 he received third prize in the Puget Sound Power & 
Light Co. Suggestion Contest for his paper on Hconomies in 
System Operation. 


Gxnorce W. QuENTIN has resigned from McGraw Hill Pub- 
lishing Company, Inc., and has accepted a position as sales engi- 
neer with the American Transformer Company, of Newark, 
New Jersey. Mr. Quentin has been an active member of the 
Institute, especially in the Pittsburgh and New York branches. 
He has spent many years training in public utility work, and also 
in industrial plant engineering. Much of his time will be spent 
in the field, studying the problems of the customers of the 
American Transformer Company. 


JoHN Murpuy, Fellow of the Institute, electrical expert of the 
Railway Commission and the Department of Railways & Canals 
of Canada, was, on July 11, elected President of the Canadian 
National Committee of the International Electrotechnical 
Commission. Mr. Murphy succeeds the late president, James 
Kynoch, Chief Engineer of the Canadian General Electric 
Company, who died on June 1. The next Plenary Meetings of 
the International Electrotechnical Commission will be held in 
Italy in September, at, Como and Rome, Mr. Murphy attending 
as Canada’s official delegate. 
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SECTION MEETINGS 
Erie 
Annual Dinner. A talk on Aims and Activities of the A. I. E. E. 
was given by H. H. Henline, Assistant National Secretary. 
The following officers were elected: Chairman, L. H. Curtis; 
Secretary, C. P. Yoder. June 15. Attendance 47. 


Los Angeles 
Field Day. <A trip was made to the Long Beach Steam Plant of 
the Southern California Edison Company, which was 


followed by a dinner at The Breakers Hotel. Talks were 
given by G. A. Fleming, Southern California Edison Co., 


a 
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CONFERENCE ON STUDENT ACTIVITIES AT SUMMER 
CONVENTION 


Immediately after the conclusion of the Sections Committee 
Conference, held at Detroit on June 20, in conjunction with the 
annual Summer Convention, a Conference on Student Activities 
was held, with Dr. C. E. Magnusson, Chairman of the Com- 
mittee on Student Branches, presiding. There were present 
several members of the Board of Directors, many Section 
Delegates, seven Counselor Delegates, representing their 
District Committees on Student Activities, three District 
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on The Electrical Features of the Long Beach Steam Plant; 
Raymond Wilcox on The Mechanical Equipment of the Long 
Beach Steam Plant; and Charles A. Blunt, Long Beach 
Chamber of Commerce. June 11. Attendance 47. 


Milwaukee 


Trans-Atlantic Radio Telephony, by H. S. Osborne, American 
Tel. & Tel. Co., May 18. Attendance 200. 


Recent Experiences Abroad, by W. M. White, Allis-Chalmers 
Mfg. Co. Annual Meeting. The’ following officers were 
elected: Chairman, John D. Ball; Secretary-Treasurer, 
Wm.J.Ladwig. June29. Attendance 24. 


Minnesota 


My Western Trip, by S. B. Hood, Northern States Power Co. 
(Presented by M. E. Todd). The following officers were 
elected: Chairman, J. E. Sumpter; Secretary-Treasurer, 
Gilbert Cooley. June 9. Attendance 27. 


Philadelphia 


Engineers and Publicity Men, by Major J. 8. S. Richardson, 
Director, Pa. Public Service Information Committee. 
The following officers were elected: Chairman, I. M. 
Stein; Secretary, R. H. Silbert; Treasurer, E. C. Drew. 
Junel3. Attendance 50. 


Sharon 
The Human Element in Industry, by E.S. McClelland, Westing- 
house Elec. & Mfg. Co.; 
Our Flag, by Dr. John Caldwell. Banquet. 
officers were elected: Chairman, L 
Treasurer, H. B. West. 


The following 
. Hill; Secretary- 
June 14. Attendance 156. 


Toledo 


Dinner Meeting. Short talks were given by Messrs. W. E. 
Richards, E. B. Featherstone, D. W. Yambert, C. H. 
Matthews and H. W. Jeannin. The following officers were 
elected: Chairman, T. J. Nolan; Vice-Chairman, W. T. 
Lowery; Secretary-Treasurer, Max Neuber. June 14. 
Attendance 20. 


Urbana 


Business Meeting. The following officers were elected: Chair- 
man, J. O. Kraehenbuehl; Secretary-Treasurer, Prof. J. K. 
Tuthill. June7. Attendance 14. 


Utah 


Engineering Observations on a World Tour, by A. N. Geyer, 
Utah Power and Light Co. The following officers were 
elected: Chairman, D. L. Brundige; Secretary-Treasurer, 
C. B. Shipp. May 26. Attendance 22. 


Vancouver 


Annual Meeting. Motion picture on Lamp and Small Motor 
Manufacture was shown. The following officers were 
elected: Chairman, A. C. R. Yuill; Secretary, J. Teasdale. 
June7. Attendance 36. 


Worcester 


Inspection trip to American Steel & Wire Company. The 
following officers were elected: Chairman, Guy F. Wood- 
ward; Vice-Chairman, A. F. Snow; Secretary-Treasurer, 
F.B. Crosby. June 16. Attendance 50. 
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Secretaries or alternates, and a considerable number of other 
members. 

The program of this Conference had been prepared in advanee, 
after requesting all Counselors to submit suggestions of subjects 
which should be discussed. In order that representatives from 
all parts of the country might have the advantages of such 
knowledge, it was deemed highly desirable to have reported at 
the meeting, all of the best ideas, methods, ete., brought out in 
the various Districts. With this end in view, the following 
program was presented: 
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I. Rervorts on District CONFERENCES ON STUDENT ACTIVITIES 
AND STUDENT CONVENTIONS 


District No. 1—Student Activities at Pittsfield Regional Meeting, 
May 25-28, 1927. Professor W. H. Timbie, Counselor 
Delegate. 


District No. 2—Conference on Student Activities at Bethlehem, 
Pa., April 23, 1927. Professor H. B. Dates, Counselor 
Delegate. 

Student Convention at Drexel Institute, March 21, 1927. 
L. J. Costa, Chairman, Philadelphia Section. 


District No. 3—New York Student Convention April 8, 1927. 
H. H. Henline, Assistant National Secretary. 


District No. 5—Conference on Student Activities at Chicago, 
November 30, 1926. Professor J. F. H. Douglas, Counselor 
Delegate. 


District No. 6—Conference on Student Activities at Boulder, 
Col., February 26, 1927. Professor W. C. Du Vall, Counse- 
lor Delegate. 


District No. 7—Conference on Student Activities, at Kansas 
City, March 16, 1927. Professor G. C. Shaad, Counselor 
Delegate. 


District No. 8—Student Convention at Stanford University, 
January 14, 1927, and other student activities in the Dis- 
trict. Professor R. W. Sorensen, Counselor Delegate. 


Districts No. 8 and No. 9—Conference on Student Activities at 
Salt Lake City, September 6, 1926. Professor G. S. Smith, 
Counselor, University of Washington Branch. 


District No. 9—Section and Branch Conference at Portland, Ore., 
February 18, 1927. Professor J. A. Thaler, Counselor 
Delegate. 


II. Brancu PROBLEMS 
Discussion opened by H. H. Henline, Assistant National Secretary. 


A general discourse on some of the more important phases of 
Branch activities, including some discussion of the reports 
presented in Part I, was held just before the close of the meeting. 
The following is a brief summary of the principal thoughts pre- 
sented during the entire session: 

The principle functions of Student Branches are to provide 
opportunity for students to carry on activities in a manner very 
similar to that employed by members; 7. e., the preparation, pre- 
sentation, and discussion of papers, reports, abstracts, ete., on 
engineering subjects; and to promote friendship between stu- 
dents and older engineers. 


Branch activities supply many opportunities for the develop- 
ment of initiative, originality, and leadership, all of which help 
to advance the growth of qualities which are essential to success 
in any kind of engineering undertaking. In recent conferences, 
several men have emphasized the thought that Branch work 
might be considered an excellent “laboratory” for cultivating 
important elements of leadership. With this result in mind, it 
is most desirable that Branch activities be managed practically 
entirely by the students, with the' Counselors standing ready to 
advise when necessary. Suggestions for the major portion of 
Branch programs should be supplied by the students, with 
visiting speakers and motion pictures used only occasionally. 
To secure the maximum benefits of their opportunities, students 
must develop ability to speak before the meetings. 

Student interest in Branch meetings fluctuates violently 
during an academic year, and one of the greatest problems 
before the Branches is that of securing a strong and sustained 
interest throughout the year. This can probably be accom- 
plished by providing unusually attractive meetings at moments 
when the vital interest evidences a tendency to wane. 
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In many parts of the country, cooperation between Sections 
and Branches is being carried on very successfully. It has 
appeared in several forms, some of which are the sponsoring of 
student conventions by Sections, joint meetings with mixed 
program, student programs at regular Section meetings, joint 
inspection trips, ete. 

Students have been highly complimented upon the quality 
of their papers presented at student conventions and most 
of such papers have been of good quality and well presented; 
the discussion too has been very good. 

It seems desirable that District student conventions and 
conferences be held in connection with regional meetings in order 
that the students may attend other sessions and incidentally 
become acquainted with the older engineers. 

The thought that some of the student criticism of the JouURNAL 
is based up on assumptions rather than facts was emphasized. 
It was believed that many students can read a considerable 
number of the papers in the JouRNAL with good results, if they 
really try, but Faculty members can be of great assistance to 
them by supplying some guidance in getting them started in 
such reading. 

In closing the conference, Dr. Magnusson remarked that, 
from the reports of today, it appears quite evident that the Insti- 
tute Branches are very much alive and doing an excellent work; 
but that it is also apparent that ‘‘we have lots of problems before 
us, and that there will be plenty to do before the next meeting,— 
a year from now.”’ 


BRANCH MEETINGS 


Municipal University of Akron 
The Life of Sir Oliver Heaviside, by Prof. J. T. Walther, and 
The Electrical Development Around Akron during the Last Ten 
Years, by A. L. Richmond, Northern Ohio Traction and 
Light Co. Annual Banquet. June 16. Attendance 16. 


California Institute of Technology 


Business Meeting. Mr. Gottier announced the Pacfiie Coast 
Convention at Del Monte to-be held in September. The 
following officers were elected: President, J. G. Thatcher; 
Vice-President, L. H. Mesenkop; Secretary, J. G. Kuhn; 
Treasurer, R. J. Love. May 25. Attendance 13. 


Drexel Institute 


General discussion of the fundamental concepts and definitions 
and attempts to explain the various electrical units as simply 
as possible. The following officers were elected: Chairman, 
J. E. Young; Secretary, Charles Backman; Treasurer, 
W.H.MeMakin. June3. Attendance 32, 


University of New Hampshire 
The Nernst Lamp, by C. Williams, student; 


Variable Condensers, by L. P. Whitten, student, and 


Arched Dam Investigation, by D. H. Williams, student. 
30. Attendance 36. 


Business Meeting. The following officers were elected: Chair- 
man, S. S. Appleton; Secretary, H. B. Rose. May 14. 
Attendance 33. 


Electricity in the Paper Industry, by H. F. Bannon, Westinghouse 
Hlec. & Mfg. Co. May 21. Attendance 33. 


Watthour Meters, by C. Williamson, student, and 


Recent Developments in Radio Communication, by E. L. St. 
Clair, student. May 28. Attendance 41. 


High Voltage Insulation, by Mr. Drew, student, and 


April 


The New General Electric Transmitting Tube, by I. Gove, student. 
Illustrated. June 4. Attendance 38. 


North Carolina State College 


Business Meeting. The following officers were elected: Chairman, 
J Davis; Vice-Chairman, W. P. Stainback; Secretary, 
T.C. Farmer. May 25. Attendance 18. 
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Engineering Societies Library 
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The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It is adminstered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to & p. m 


BOOK NOTICES JUNE 1-30, 1927 
Unless otherwise specified, books in this list have been pre- 
sented’by ‘the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 
All books listed may be consulted in the Engineering Societies 
Library. 


BripGe ARCHITECTURE. 

By Wilbur J. Watson, N. Y., William Helburn, Inc., 1927. 
Z28S}pp., wlus., 14x 11 im, cloth. $17.50. 

This beautiful book is a pleasure to the engineer, the architect 
andthe lover of beauty in general. It aims to illustrate the 
art of good bridge design as exemplified by ancient and mod- 
ern tbridges by means of large photographs of representative 
structures. 

The volume contains illustrations of two hundred bridges, 
grouped chronologically in six periods and covering bridge 
building from the earliest times to the present day. The 
collection{is especially rich in bridges built since 1830. The 
text is brief but gives concisely the principal facts about each 
bridge, such’as the date, the designer, the dimensions, etc. 


Business ANNALS. 
By Williard¥Long Thorp. N. Y., Nat’l. Bureau of Economic 
Research, Inc. 1926. 380 pp., 9x6 in., cloth. $4.00. 


Tells, in descriptive form, the vicissitudes of economic fortune 
in*seventeen countries for periods ranging from thirty-six to 
one hundred and thirty-six years. Presents briefly, for each 
country, the year by year fluctuations in manufacturing, con- 
struction, employment, trade, prices, speculation, financial 
operations and agriculture, as well as important non-economic 
events that supposedly influence economic activity. The book 
throws valuable light upon business cycles and is a useful con- 
dersed record of happenings in the recent past. 

CARE AND OPERATION OF Macuinn Toots. 

By J. W. Barritt. N. Y., John Wiley & Sons, 1927. 
illus.,9x6in., cloth. $2.75. 

Contents: Lubrication.—Kmery wheel.—Drill press.—Shaper. 
—Vertical boring mill.—bLathe.—Planer.—Horizontal boring 
mill.— Milling machine.—Index. 

The author explains the construction of the various parts of 
machine tools, explains why and where adjustments are neces- 
sary, tells how to make them, gives directions for operating the 
different mechanisms properly and calls attention to the pre- 
cautions necessary for accuracy, speed and neatness. The text 
is simple and explicit, suitable for use by apprentices and trade- 
school students and for individual study. 


292 pp., 


ELEectTricaL ENGINEERING LABORATORY EXPERIMENTS. 
By C. W. Ricker and C. E. Tucker. 2nd edition. N. Y., 
McGraw-Hill Book Co., 1927. 310 pp.,9x6in., cloth. $2.25. 


This laboratory course, originally used by students at the 
Massachusetts Institute of Technology, has been revised with a 
view to adapting it to the requirements of engineering schools 
in general. The course is designed to require original thought 
by the student and to encourage him to original research as well 
as to instruct him regarding the construction and operation of 
electrical machinery. 

ELEMENTS oF MINING SCIENCE. 

By David E. Thomas. Lond. & N. Y., Oxford University 
Press, 1927. 80 pp., illus., 10x6 in., boards. $1.50. (Gift 
of American Branch.) 


Originally prepared for a-course of lectures to teachers of 
science in the mining district of England, this book gives a brief 
account of some of the work accomplished through the contri- 
butions of pure science to mining. Among the topics treated 
are the composition of mine air, methane, the barometer in 
mines, the spontaneous combustion of coal, moisture in mine 
air, the control of atmospheric conditions in deep mines, and 
coal-mine explosions. While no originality is claimed, the 
volume is a convenient summary of recent work toward im- 
proved health conditions and greater safety in mining. 


Fatigue or Meraus; with chapters on the Fatigue of Wood and 
Concrete. 

By H. F. Moore and J. B. Kommers. 
Book Co., 1927. 
$4.00. 

The aim of this book is to present the important results of 
experimental investigations of the strength of metals under 
repeated stress, to review current theories of fatigue of metals, 
and to describe the apparatus and methods used in studying the 
subject experimentally. The authors have been actively 
engaged in investigation of the subject and have also drawn on 
the work of other American and foreign investigators, with the 
result that their book is a useful review of present knowledge. 
A good bibliography is included. In addition to the main 
subject, wood and concrete are discussed and the scanty data 
available given. 


N. Y., MeGraw-Hill 
326 pp., illus., diagrs., tables, 9 x 6 in., cloth. 


Fourtu Power Kink Boox. Compiled by Editorial Staff of 
Power. 
N. Y., McGraw-Hill Book Co., 1927. 232 pp., illus., 9x6 
in., cloth. $1.50. 
The editors of Power have selected the contents of this book 


from the articles contributed to that magazine by men in charge 
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of the operation and repair of power plant machinery. These 
articles describe original ways of making unusual repairs, 
“short-cuts,”” and labor-saving devices which have been used 
successfully by practical men. 


Dir Grapuiscueé INTEGRATION. 


By Josef Gerstenbrandt. Wittenberg, 
1926. 135 pp.,8x6in., cloth. 6.-r. m. 

A concise handbook upon the use of graphic integration, 
intended for practising engineers who have some knowledge of 
the theoretical principles. The book consists chiefly of illus- 
trations of the application of the method to problems that 


A. Ziemsen Verlag, 


recur frequently in structural design, and that are more con- 


veniently solved by this method than by other common ones. 
The examples are worked out completely. 


Heroes or AVIATION. 


New and revised edition. 
346 pp., ports., 8x5 in., 


By Laurence La Tourette Driggs. 
Boston, Little, Brown & Co., 1927. 
cloth. $2.00. 


A vividly written account of the part played by the aviator 
in the World War, especially the exploits of the more famous 
airmen in the various armies on the western front. Tabulations 
of the victories accredited to the strongest air fighters of each 
nation are included, and there is a roster of the Americans 
killed while flying. First published in 1918; now revised. 


History OF THE SCIENCES IN GrRECO-RomMaAN ANTIQUITY. 

By Arnold Reymond, N. Y., E. P. Dutton & Co., 1927. 
pp.,8x5in., cloth. $2.50. 

Professor Reymond of the University of Lausanne has for 
many years given the advanced students a course of instruction 
in the history of science. The portion of that course which 
relates to antiquity is now offered in an English translation. 
It offers to the student an admirable survey, in which the known 
facts are clearly brought forth and divested of an excess of 
detail, and the tendencies of science in that period, its achieve- 
ments and failures, are set forth clearly. 
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INVENTIONS AND Patents, Their Development and Promotion. 
By Milton Wright. N. Y., McGraw-Hill Book Co., 1927. 
225 pp.,8 x 6in., cloth. $2.50. 
A plainly written book of practical advice for inventors and 
would-be inventors. Tells how to obtain a patent and how to 
market it. Warns the inventor of various dangers in his path. 


Lectures oN Dise.tectric THEORY AND INSULATION. 


By J. B. Whitehead. N. Y., McGraw-Hill Book Co., 1927. 
154 pp., diagrs., tables, 9x 6in., cloth. $2.50. 


Professor Whitehead’s book reviews the salient features of 
dielectrics for which the classical theory fails to account, reviews 
the literature describing experimental research upon the be- 
havior of dielectrics and coordinates it with fundamental theory 
as fully as possible and indicates some directions in which 
further experimentation may be fruitful. The treatment is 
very condensed. The text is in the form of nine lectures, pre- 
pared for delivery in France as an exchange professor, which 
summarize the course given by the author to advanced students 
at the Johns Hopkins University. A bibliography is included. 


Lecau ASPECTS OF ZONING. 


By Newman F. Baker. Chic., University of Chicago Press, 
1927. 182 pp.,8x5in., cloth. $2.50. 


Mr. Baker discusses the attitude of courts and lawmakers 
toward some of the more important questions that arise in 
connection with city planning. The extent to which the law 
takes cognizance of municipal aesthetics, legislation respecting 
zoning and the problem of the metropolitan area or region are 
considered, special attention being paid to court decisions upon 
contested points. Of interest to engineers as well as lawyers. 
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Logic or Mopmrn Puysics. 

By P. W. Bridgman. N. Y., Macmillan Company, 1927. 
228 pp., 9x6 in., cloth. $2.50. 

Many of the new facts discovered in recent years in the 
domain of relativity and quantum theory have necessitated such 
complicated modifications in our notions of the fundamental 
concepts of physics that it has become a matter of the first 
importance to review these concepts in inclusive fashion. This 
task Professor Bridgman essays in the present volume. He 
examines critically the various concepts, in the light of experi- 
mental knowledge, with the purpose of leading to a clearer 
understanding of what the ideals of physics should be and of 
what the present structure of physics is. 


Macuine Darsian, CoNSTRUCTION AND DRAWING. 

By Henry J. Spooner. 6th edition. Lond. & N. Y., Long- 
mans, Green & Co., 1927. 775 pp., illus., diagrs., 9 x 6in., cloth. 
$7.00. 

An English textbook which begins with instruction in mechani- 
cal drawing, and then proceeds to treat with fullness machine 
parts—fastenings, bearings, gearing, ete. An unusual amount 
of practical information is given. 


MatHEMaAtTics or ENGINEERING. 

By Ralph E. Rost. Baltimore, Williams & Wilkins Co., 1927. 
540 pp., 9x 6in., cloth. $7.50. 

The author, who is professor of mathematics in the Post- 
eraduate School of the U. S. Naval Academy, has prepared this 
book primarily for the student officers who are to specialize 
in mechanical, civil, electrical, aeronautical, or radio engineering, 
in aerology, in naval construction, or in ordnance engineering. 
The result is a convenient introduction to mathematics with 
special attention to the requirements of. the engineer, intended 
for students of maturity who already are somewhat familiar with 
conventional courses in mathematics. 


MarHemMatiscHe HInrsmMirre, FuR TECHNIKER. 
By A. Deckert and EK. Rother. Wittenberg, A. Ziemsen 
Verlag, 1927. 254 pp.,8x6in., cloth. 7,50 r.m. 


A collection of formulas and other rules of differential and 
integral calculus used by engineers and scientists, arranged in 
convenient form for quick reference. - 


MeranuurGy; a general treatise for the use of students of 
engineering. 

By Henry Wysor. 38rd edition. Easton, Pa., Chemical 
Publishing Co., 1927. 433 pp., illus.,9x6in., cloth. $6.00. 

In preparing this elementary textbook, the author has had in 
mind not only those students who intend to become producers 
of metals but also’ those who will become responsible for their 
selection and fabrication. His book therefore aims to concen- 
trate attention upon the properties of the various metals and 
upon the mechanical and thermal operations by which these 
properties are developed and utilized. : 

Beginning with descriptions of the raw materials, their prep- | 
aration, and of metallurgical furnaces, the extraction and re- 
fining of the various metals are explained. Chapters are then 
devoted to general matters, such as alloys, casting, working and 
heat treatment. The text is concise and clear. 


Moperrn Inpustry. ; 

By Ernest L. Bogart and Charles EK. Landon. N. Y., Long- 
mans, Green & Co., 1927. 593 pp., illus., maps, 9 x 6 in., cloth. 
$3.75. 

The authors of this work, believing that an understanding of 
industry precedes an understanding of business, have filled a 
gap that they believe exists in our economic textbooks, by 
this volume, which is intended as a background to the study 
of economies. 

Starting with a description of the characteristics of modern 
industry, the book discusses successively man as a contributing 
agent and nature as a conditioning factor. Typical great agri- 
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cultural and manufacturing industries are then studied, to make 
clear the principles underlying modern industry and the methods 
followed in producing wealth. Finally, processes of exchange 
are considered. 

The book is descriptive, not theoretical. It gives a clear, 
interesting account of industry as a whole, in which the relations 
of the different parts to each other are brought out. Excellent 
lists of references are given. 


NOMOGRAPHIE DES BAUINGENIEURS. 

By Max Mayer. Ber. u. Lpz., Walter de Gruyter & Co., 
111 pp., diagrs., 6x 4in., cloth. 1,50 r.m. 

Explains the method, points out the theoretical possibilities 
of nomography in structural engineering and provides a useful 
collection of nomograms which illustrates the practical appli- 
cation of these charts. 


1927. 


Oup Towratus; The Story of the American Canal Era. 


By Alvin F. Harlow. N. Y., D. Appleton & Co., 1926. 403 
pp., illus., maps, 9x 6 in., cloth. $5.00. 

This book provides for the general reader an interesting 
account of the rise of the canal era in America, of its period of 
prosperity and of the decline and practical extinction of the 
eanal. There are also chapters on canal engineering and opera- 
tion, on life on the canal, on travel, on canal lotteries and other 
interesting subjects. In addition to this general account, the 
author devotes a chapter to the individual history of each 
important canal project. There are many interesting illus- 
trations from old prints and photographs, and a useful bibliog- 
raphy. The author has brought together an immense amount 
of widely scattered information. 


Oxtp TRADES AND New Know eves; Six lectures delivered before 
a ‘“‘juvenile auditory’ at the Royal Institution, 1925. 

By Sir William Bragg. Lond., G. Bell & Sons, 1926. 266 pp., 
illus., plates, 8x5 in., cloth. 8s. 

The ‘‘trades’”’ discussed in these lectures are those of the 
sailor, the weaver, the dyer, the potter, and the miner. Sir 
William treats each trade in an interesting fashion, giving special 
consideration to the ways in which modern scientific knowledge 
is changing these old crafts. The book will interest many adults 
as well as the ‘‘juvenile” audience for which it was prepared. 


PRINCIPLES OF EMPLOYMENT PsycHOLoey. 

By Harold Ernest Burtt. 
Co., 1926. 568 pp.,9x6in., cloth. $4.00. 

“This book’, says its author, “is an outgrowth, in the first 
instance, of material used for several years in presenting prin- 
ciples of employment psychology to college students, and in the 
second instance, of practical experience in personnel work and 
frequent contact with business men interested in psychology in 
so far as it relates to their problems. Effort is made, on the 
one hand, to give a fairly comprehensive account of the principles 
involved for the use of students preparing for practical psychologi- 
cal work in industry, and on the other hand, to avoid a discussion 
that is too technical for the reader without a psychological 
background.” An extensive bibliography is given. 


PsycHoLoGy or SELECTING MEN. 

By Donald A. Laird. 2d edition. N. Y., McGraw-Hill Book 
Co., 1927. 345 pp., illus., charts, 9x6in., cloth. $4.00. 

This book is the work of a trained psychologist who has 
attempted to supply a technical account, in a non-technical 
way, of the fundamental considerations in selecting men. 

Dr. Laird first surveys critically the traditional methods of 
selection, by letter, by interview, by photograph, etc. The 
latter portion of the book describes the scientific methods of 
selection and discusses the use and limitations of psychological 
and intelligence tests. 
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Bost. & N. Y., Houghton Mifflin 
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This edition contains new chapters which point the way for 
the utilization of definite tests in choosing employees. 


Rapiorecunik, v. 4; Stromquellen far Rohrenemfangsgerate. 


By Richard Albrecht. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 108 pp., illus., diagrs., tables, 6x 4 in., cloth. 1,50 r. m. 


The fourth volume of Dr. Albrecht’s concise textbook takes 
up cells, storage batteries and other sources of power. The 
theory is explained clearly and practical directions are also 
given. A critical evaluation of the different sources of power 
for receivers is given. 


SLIDE VALVES AND VALVE G®ARING. 
Glasgow, James Munro & Co., 
233 pp., illus., diagrs., 10x 8 in., cloth. 12s 6d. 

A clearly written, profusely illustrated textbook on the 
working and management of steam valve gear, intended espe- 
cially for marine engineers. The author is the head of the Marine 
Engineering Department, Central Municipal Technical School, 
Liverpool. 


By Peter Youngson. 1927. 


STATICS AND THE DyNamics or A PARTICLE. 


By William Duncan MacMillan. N. Y., McGraw-Hill Book 
Cg., 1927. 4380 pp.,9x6in., cloth. $5.00. 


A discussion of the general theory, intended particularly for 
students of astronomy, physics or mathematics, but also of 
interest to engineers who wish further knowledge than that 
necessary for ordinary applications. The text begins with 
the fundamental concepts and postulates and covers the subjects 
usually taught in colleges. A knowledge of the caleulus is 
necessary. 


SratisticAL MmpcHANICS wiTH APPLICATIONS TO PHYSICS AND 
CHEMISTRY. 


By Richard C. Tolman. N. Y., Chemical Catalog Co., 1927. 
(American Chemical Society. Monograph Series). 334 pp., 
9x6in., cloth. $7.00. 


Statistical mechanics offers to the chemist and physicist a 
powerful method, wide in scope, for attacking theoretical prob- 
lems. Those engaged in the study of the behavior of atoms and 
molecules will find this book useful, for it develops the theory 
of statistical mechanies in logical fashion and shows how the 
science may be appled to the elucidation of a number of chemi- 
cal and physical phenomena. 


TECHNISCHE SCHWINGUNGSLEHRE, bd. 2; Schwingungen im 


Maschinenanlagen. 
By L. Zipperer. Ber. u. Lpz., Walter de Gruyter & Co., 1927. 
124 pp., illus., 6x 4in., cloth. 1,50 r.m. 


After the discussion of vibration in general given in the first 
volume of the work, the second proceeds to discuss the individual 
methods for ealeulating the specific rate of torsional vibration 
in shafts with various numbers of disk flywheels. The method of 
caleulating transverse vibrations is then given. Attention is 
then turned to experimental methods and to methods for avoiding 
vibration. 


Der TRANSFORMATOR IM BETRIEB. 


By Milan Vidmar. Berlin, Julius Springer, 1927. 
diagrs., 9x6in. Boards. 19,-r. m. 


This book is in a sense an extension of the author’s larger 
work entitled ‘‘Die Transformatoren,”’ from which it differs by 
treating the subject from the point of view of the operator, 
instead of the designer and maker. It is a textbook upon trans- 
former operation, intended for the operating engineer and dis- 
cusses the problems which confront him. 

The first chapter is devoted to questions of the cost and 
efficiency of transformers. Chapter two discusses transformers 
for lighting circuits. Connections are considered in chapter 
three, which is followed by chapters on overloading, on voltage 


310 pp., 
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regulation, and on cooling. 
operating problems. 


VORLAUFIGE RICHTLINIEN FUR DIE AUSFUHRUNG VON BAUWER- 
KEN AUS Breron 1M Moor, IN MoorwasserRN UND AHNLICH 


ZUSAMMENGESETZTEN W ASSERN. 
By Deutsche Ausschuss ftr 
Ernst & Sohn, 1927. 


A pamphlet giving the specifications of the Deutsche Ausschuss 
fur Hisenbeton covering the construction of concrete structures 
in swamps and waters containing acids and other substances 


injurious to concrete. 


The final chapter treats of minor 


Kisenbeton. 
7 pp., 11 x 8 in., paper. 


By Hans Kummer. 
diagrs., 9 x 6 in., paper. 


Journal A. I. E. E. 


ZeITSTUDIEN Bert HINZELFERTIGUNG. 


Berlin, Julius Springer, 1926. 113 pp., 


9,60 r. m. 


Most of the literature upon time studies, says this author, is 


devoted to studies of the time required for producing machine 


Berlin, Wilhelm 
0,30 mk. 


parts manufactured 


of machines. 


use of the findings. 


in large numbers or in series. In the 


present book he discusses the application of time studies to opéra- 
tions that occur infrequently and to the making of single parts 
The book describes the methods for making 
studies, the preparation of standard tables and the practical 


Engineering Societies Employment Service 


eros DO LOC COO Ce eC Oe CC OL 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperating 


with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coopera-~ 


tive bureau by contributions from the societies and their individual members who are directly benefited. 
Offices:—83 West 39th St., New York, N. Y..—W. V. Brown, Manager. 
58 West Jackson Blv’de., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 

67 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
period of three months and are renewable upon request. 


‘Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th day of 


the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 


Post~ 


VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 
it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


ELECTRICAL ENGINEER, experienced in 
the design of electrical control for elevators in- 
cluding multi-speed alternating current and 
variable voltage controlled equipment. Only 
high grade thoroughly experienced men need ap- 
ply. Apply by letter. Location, Ohio. X-2875-C. 

SALES ENGINEER, young, for New York, 
N. Y. Electrical engineering graduate with test 
experience preferred. Apply by letter giving 
full particulars, experience, age, qualifications and 
salary desired. X-2893. 

ENGINEER, capable of recognizing and super- 
vising engineering department for manufacturer 
of high-grade electrical switching equipment. 
Must have had five years or more practical 
experience in design and manufacture of electrical 
equipment. Apply by letter. Location, East. 
X-2994. 

(For further particulars see p.21, Adv. Sec. this 
issue). 
MEN AVAILABLE 

ELECTRICAL ENGINEERING GRAD- 
UATE, 1926, B. S. in E. E., single, 23, with 
definite ability in research and development, and 
in general technical writing, desires permanent 
position with manufacturer of electrical apparatus. 
Vicinity of New York preferred. O-2967. 

GRADUATE MECHANICAL AND ELEC- 
TRICAL ENGINEER, desires permanent posi- 
tionin United States or Canada, Age 24, married. 
G. E. test course, eight months operating, eighteen 
months general workshop, twelve months’ drawing 
office experience. Willing to start on living wage 
if hard work appreciated. Available four months. 
C-3224. 

ELECTRICAL DESIGN AND CONSTRUC- 
TION ENGINEER, 32, married, university 
‘graduate Electrical Engineer, with nine years. 


practical experience in design, construction and 
operation of central stations and substations, 
wishes position with public utility or engineering 
firm. Expert in automatic substations, control 
relay and metering. Location immaterial. B-6560. 


RECENT GRADUATE, M. E., desires enter 
consulting work, research, editorial work, con- 
struction or teaching. Good habits, honest, 
reliable, highest references, excellent college 
record. Commercial course in high _ school; 
Spanish, accounting, typing. New York City 
and vicinity only. C-3235. 

ELECTRICAL ENGINEER, eighteen years’ 
experience development, design and manu- 
facture of high grade electrical apparatus and 
instruments. Meters, pyrometers and_ their 
application to various industries. Executive 
experience, organization and administration. 
American born Christian. B-2721. 

PRODUCTION ENGINEER OR MAN- 
AGER, competent engineer and executive trained 
on production control, scheduling, machine opera- 
tions, equipment, budgeting, valuations, costs, 
wage incentives, with technical and college degrees 
and background of electrical and mechanical 
engineering experience with eleven years’ con- 
structive record of development, desires position 
in Hastern States. Now engaged on installing 
production control methods in large organization. 
Age 32, married. B-9676. 

PROFESSOR, Electrical Engineering, 42, 
married, teacher, Electrical Engineering, desires 
to make a change. Teaching experience of over 
ten years covers practically all basic course, both 
laboratory and theory. Contact with the 
industry has been broad and includes General 
Electric, Westinghouse and utility experience. 
Will publish a book in the near future. Desires 
professorship in a recognized institution. B-7083. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, desires position with 
an electric railway or industrial concern. Experi- 
ence includes six years of railway projects and 
traction equipment, and five years on power 
development. ©-3260. S 

MECHANICAL AND ELECTRICAL EN- 
GINEER, Cornell graduate, eighteen years’ 
experience, including efficiency engineering for 
large industrial (paper mill) along steam and power 
production lines; combustion studies, boiler house 
rehabilitation, etc. Industrial power sales engi- 
neering for utility. Prior to foregoing; super- 
vision electrical installation for large electrical 
manufacturer while stationed in Eastern city. 
B-6764. 

ELECTRICAL ENGINERR, 22, single, tech- 
nical graduate, two years’ experience managing 
municipal water and light system, including 
generating plant, pumping plant, office, etc., 
also some experience in high-tension substation 
work. Location, Kast preferred. O-3194. 

GRADUATE ENGINEER, 21, single, B. S. 
in E. E., 1927, desires work in electrical manu- 
facturing, design, research, or installation and 


testing. Thorough and _ conscientious, good 
habits. Location preferred, United States. 
C-3255. 


TECHNICAL ENGINEER, six years’ expe- 
rience in public utilities, purchasing, sales, testing, 
installation and appraisal work. Excellent refer- 
ence. Knergetic and pleasing personality. De- 


sires permanent position with a future. Mod- 
erate salary to start. C-1973. 
DISTRIBUTION ENGINEER, 27, single, 


over five years’ experience layout and design of 
transmission and distribution systems of two 
large Eastern utilities. Experience in overhead, 
underground and substation construction. Has 
had supervision of men in both positions. Initia- 
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tive and aggressiveness. Location immaterial. many different types of electrical apparatus, 

B-8707. desires position with small or moderate sized firm 
ELECTRICAL ENGINEER, 24, technical in sales or sales and service. Location preferred, 

graduate, with one year’s experience in the con- New Jersey. C-3020. 

struction lighting distribution systems, ard an ELECTRICAL ENGINEER, 21, single, junior 

excellent house wireman. Desires position with electrical engineer, B. S. Degree in Electrical 

large electrical contractor with opportunity for Engineering from the University of Southern 
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months electrical drafting, two years maintenance 
and operation, electrical railroad substations, 
five months traction department electric railroad. 
At present employed. Available on short notice. 
Location immaterial. C-3317. 

GRADUATE ELECTRICAL ENGINEER, 
seven years’ experience in the enginering and 


permanent employment. Location anywhere. California, desires a position, preferably with construction of aerial and underground distribu- 
Available August 30th. C-3305. manufacturing concern. Location preferred, tion, transmission and street lighting systems. 
SALES OR SALES AND SERVICE, 28, South, West or Southwest. ©O-3310-77-O-1. Desires position with firm or public utility engaged 
single, technical graduate; six years’ experience ELECTRICAL ENGINEER, 28, University in transmission or station construction projects. 
covers testing and service engineering work on graduate. Three years shop work, eighteen Locationimmaterial. B-9408. 
wieder re 
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MEMBERSHIP — Applications, Elections, Transfers, Ete. 
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RECOMMENDED FOR TRANSFER Fortin, R. P., Trade & Commerce Dept., 


The Board of Examiners, at its meeting held minion Goy’t., St. John, N. B. 
July 19, 1927, recommended the following mem- Garratt, Joseph F. G., E. L. Philips Construction 


bers for transfer to the grade of membership Co., Far Rockaway, N. Y. 


Do- 


indicated. Any objection to these transfers Gilcrease, E. E., Molony Electric Co., St. Louis, 
should be filed at once with the National Secretary. Mo. . 
Godoy, E. R., Mexican Tel. & Tel. Co., Mexico, 
To Grade of Fellow D.F., Mex. 


BARNES, JAMES P., President, 
Railway Company, Louisville, Ky. 

MAHAN, JAMES &., Electrical and Fire Pre- 
vention Engineer, Western Actuarial Bureau, 


Louisville Goodman, I. E., Goodman Engineering 
Cleveland, Ohio 

Grant, C., Electricity & Gas Insp. Service, 
Dominion Gov’t., St. John, N. B., Can. 


Cox, 


Chicago, Ill. Grant, E. G., Nashwaak Pulp & Paper Co., 
STIGANT, STANLEY A., Manager, Trans- Fairville, N. B., Can. 
former Dept., Johnson & Phillips, Ltd., Gray, J. ©., Gray Electric Co., Detroit, Mich. 


London, England. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately Fok 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before August 31, 1927. 


Guckel, C. H., United Electric Light & Power Co., 
New York, N. Y. 
Hamilton, J. G., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
Hanson, E. T., Stone & Webster, Havre de Grace, 
Md. 
Hersh, D., Graven & Mayger, Chicago, IIl. 
Jayne, G. E., Mountain States Tel. & Tel. Co., 
Denver, Colo. 
ns, G. J., Union Gas & Electric Co., Cincinnati, 
Ohio | 
Johnson, H. R., (Member), Schneider Electrical 
Works, Omaha, Nebr. 
Jones, G., Hedley Gould Mining 
Hedley, B. C., Can. 
Kern, E. A., United Electric Light & Power Co., 
New York, N. Y. 
Key, E. F., B. C. Electric Railway Co., Ltd., 


Aemmer, F'., American Brown Boveri Electric Co., Coy, Ltd 
Camden, N. J. 

Anderson, H. O., Rockbestos Products Corp., 
New Haven, Conn. 


Borch, H. J.,,B. M. T., Brooklyn, N. Y. 


Borton, J. T., (Member), Kohler Co., Phila- Lake Buntzen, B. C., Can. 

delphia, Pa. Klipsch, P. W., General Electric Co., Schenectady, 
Bradley, W. R., Missouri Power & Light Co., IN YG 

Excelsior Springs, Mo. f Knieriem, P. H., Duquesne Light Co., Braddock, 
Brown, H., Southwestern Oil Co., Houston, Texas Pa. 


Brown, H. E., Pennsylvania Railroad, New- Knowles, D. D., Westinghouse Elec. & Mfg. Co., 

~  comerstown, Ohio Kast Pittsburgh, Pa. 

Busby, A. H. W., Consolidated Mining & Smelting LeVan, J. D., Cutler-Hammer Mfg. Co., Mil- 
Co., Trail, B..C., Can. waukee, Wis. 

Campfield, L. M., Westinghouse Elec. & Mfg. Co., Lynch, E., General Electric Co., W. Lynn Works, 
East Pittsburgh, Pa. Lynn, Mass. 


Divito, A. A., 104 8. 3rd St., Harrison, N. J. * ae , 
Fe if A wa Montville, H. H., Greer Electrical Construction 
Doobin, A. M., New York Central Railroad Co., Conner Vor Nw 


New York, N. Y. : ; nf : 
Dubs, F. H., Toledo Edison Co., Toledo, Ohio Moreland, L. D., Phoenix Utility Co.; Florida 
Epstein, 8., A-One Electric Co., Brooklyn, N. Y. Pr. & Lt. Co., Sarasota, Fla. 
FitzGerald, A. S., (Member), General Electric Nachmani, A., 1421 Madison Ave., New York, 

Co., Schenectady, N. Y. IN YS 


Norton, R. H., (Member), B. C. Fire Underwriters 
Ass’n., Vancouver, B.C. 

Nuezel, E. F., Columbia Engg. & Management 
Corp., Cincinnati, Ohio 

Ogden, P. L., Public Service Co. of No. Illinois, 
Chicago, Ill. 
(Applicant for re-election.) 

Pagut, A. L., General Electric Co., Schenectady, 
INE Yc 

Paton, R. E., Leeds & Northrup Co., Philadelphia, 
Pas 

Peet, H. D., Jr., Kentucky Development Co., 
Louisville, Ky. 

Pierre, G. J., Detroit Edison Co., Detroit, Mich. 

Reck, J. E., Piqua Dist., Dayton Power & Light 
Co., Piqua, Ohio 

Santschi, A. E., Western Electric Co., Chicago, 
Tl. 

Simonds, K. C., Florida Power 
Lakeland, Fla. 

Terry, W. S., American Tel. 


& Light Co., 


& Tel. Co., New 


York, N. Y. 
Waldhorst, F., Greenridge Court, White Plains, 
N.Y. , 
Weatherwax, O. K., Pierce Electric Co., Miami, 
Fla. 


Werner, F., Molony Electric Co., St. Louis, Mo. 

White, R. M., Sperry Gyroscope Co., Brooklyn, 
INIBIN SS 

Williams, S. T., (Member), 
Machine Co., Camden, N. J. 

Wunderlich, N. E., Neutrowound Radio Mfg. Co., 
Homewood, Chicago, Ill. 

Zucker, M., General Electric Co., Schenectady, 


Victor Talking 


NEY: 
Total 58. 
Foreign 
Atkinson, J. W., (Member), British Engine- 


Boiler & Electrical Insurance Co., 
Manchester, Eng. 

deMare, F. G. S., (Member), Andes Copper 
Mining Co., Antofagasta, Chile, S. A. 

Mitchell, J. A., Electrical Engineer, Kidder- 
minster, Eng. 

Pereira, C. F., Ahmedabad Electricity Co., Ltd., 
Ahmedabad, India 

Sahgal, S. R., Public Works Dept. Secretariat, 
Fort Bombay, India 

West, F. R., Manila Electric Co., Manila, P. I. 

Total 6. 


Ltd., 
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T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 11 Castle- 


Sydney, N. S. W., Australia. 


Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A. 


28 Victoria St., London, S. W. 1, England. 


A. S. Garfield, 45 Bd. Beausejour, Paris 16 E. France. 

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


The list of committees is omitted from this issue, as new appointments are 


being made for the administrative year beginning August 1. 


tees will be listed in the September issue. 


A. I. E. E. REPRESENTATION 


The new commit- 


A complete list of A. 1. E. E. representatives on various bodies will be published 
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President 
BANCROFT GHERARDI reagh St., 
Junior Past Presidents 
C. C. CHESNEY M. I. Pupin Charles le Maistre, 
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H. M. Hopart O. J. FERGUSON 
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Ravtpu W. Pore in the September issue. 
LIST OF SECTIONS 
Name Chairman Secretary Name 
Akron A. L. Richmond W. A. Hillebrand, Ohio Insulator Panama 
Co., Akron, Ohio 
Atlanta C. E. Bennett W. F. Oliver, Box 2211, Atlanta, Philadelphia 
Ga. 
Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, Pittsburgh 
Baltimore, Md. 
Boston E. W. Davis W. 4H. Colburn, 39 Boylston St., Pittsfield 
Boston, Mass. 
Chicago B. E. Ward L. J. Vanhalanger, Conway Build- Portland, Ore 
ing, Chicago, Ill. 
Cincinnati R. C. Fryer Leo Dorfman, 3531 Vista Ave., Providence 
Cincinnati, Ohio 
Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio Rochester 
Columbus F. C. Nesbitt W.E. Metzger, Interurban Termi- : i 
nal Bldg., Columbus, Ohio St. Louis 
Connecticut A. E. Knowlton R. G. Warner, Yale University, x 
New Haven, Conn. San Francisco 
Denver A. L. Jones R. B. Bonney, Telephone Bldg.» 
P. O. Box 960, Denver, Colo. Saskatchewan 
Detroit-Ann Arbor Harold Cole F. H. Riddle, Champion Porcelain 
Z Co., Detroit, Mich. ' 4 
Erie i. H. Curtis © 124 Veders pce County Elec. Schenectady 
Co., Erie, 
Fort Wayne P. O. Noble F. W. stk General Elec. Co., Seattle 
Fort Wayne, Ind. 
Indianapolis-Lafayette J. B. Bailey C. A. Fay, 4206 Cornelius Ave., Sharon 


Ithaca 
Kansas City 


Lehigh Valley 


Los Angeles 


R. F. Chamberlain 


S. M. DeCamp 


M. R. Woodward 


L. C. Williams 


Louisville D. GC. Jackson, Jr: 
Lynn W. F. Dawson 
Madison fe, 405 aeroys! 
Mexico Carlos Macias 
Milwaukee John D. Ball 
Minnesota J. E. Sumpter 
Nebraska N. W. Kingsley 
New York L. W. W. Morrow 
Wiagara Frontier L. E. Imlay 
Oklahoma ’ Edwin Kurtz 


Indianapolis, Ind. 

H. H. Race, Cornell University, 
Ithaca, N. Y. 

B. J. George, Kansas City Pr. & 
Lt. Co., Kansas City, Mo. 

G. W. Brooks, Pennsylvania Pr. 
& Lt. Co., 8th & Hamilton Sts., 
Allentown, Pa. 

H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 

W.C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

V. R. Holmgren, Gen. Elec. Co., 
Bldg. 64 G, Lynn, Mass. 

H. J. Hunt, D. W. Mead and 
C. V. Seastone, State Journal 
Bldg., Madison, Wis. 

G. Solis-Payan, Ave. Portales 89, 
General Anaya, Mexico, D. F., 
Mexico 

Wm. J. Ladwig, Wisconsin Tel. 
Co., 418 Broadway, Milwaukee, 
Wis. 

Gilbert Cooley, Rice & Atwater, 
St. Paul, Minn. 

Roy Hagen, General Electric Co., 
Omaha, Nebraska 

J. B. Bassett, General Elec. Co., 
120 Broadway, New York, N. Y. 

E. P. Harder, 205 Electric Build- 
ing, Buffalo, N. Y. 

C. C. Stewart, Okla. Gas & Elec. 
Co., Norman, Okla. 


Southern Virginia 


Spokane 


Springfield, Mass. 
Syracuse 
Toledo 


Toronto 


Urbana 


Utah 


Vancouver 


Washington, D. C. 


Worcester 


Total 52 


Chairman Secretary 
L. W. Parsons I. F. MclIlhenny, Box 413, Balboa 
Heights, C. Z 
I. M. Stein R. H. Silbert, 2301 Market St., 


W. C. Goodwin 
E. F. Gehrkens 
J. E. Yates 

F. N. Tompkins 


. C. Karker 
. F. Woolston 
. I. Cone 


. D. Peters 


ee let isk /Mes! 


T. A. Worcester 


C. R. Wallis 
Le By all 


W.S. Rodman 


Richard McKay 


C. A. M. Weber 
C. E. Dorr 
T. J. Nolan 


C. E. Sisson 


Philadelphia, Pa. 


H. E. Dyche, University of Pitts- 
burgh, Pittsburgh, Pa. 


C. H. Kline, General Electric 
Co., Pittsfield, Mass. 
L. M. Moyer, General Electric 


Co., Portland, Ore. 


F. W. Smith, Blackstone Valley 
Se & Electric Co., Pawtucket, 
ise ls 


Wade H. Reichard, Gen. Rwy- 
Signal Co., Rochester, N. Y. 

L. P. Van Houten, 2670 Washing- 
ton Boulevard, St. Louis, Mo. 
A. G. Jones, 807 Rialto Bldg., San 

Francisco, Calif. 

W. P. Brattle,’ Dept. of Tele- 
phones, Telephone Bldg., Re- 
gina, Sask., Canada 

R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schenectady, N. Y. 

Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 

H. B. West, Westinghouse Elec. 
& Mfg. Co , Sharon, Pa. 


K. H. Berry, 1338 Rockbridge 
Ave., Norfolk, Va. 

James B. Fisken, Washington 
Water Power Co., Lincoln & 


Trent, Spokane, Wash. 


B. V. K. French, American Bosch 
Magneto Co., Springfield, Mass. 


F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N. Y. 


Max Neuber, 1257 Fernwood Ave.; 
To.edo, Ohio 


F. F. Ambuhl, Toronto Hydro- 
Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 


J. O. Kraehenbuehl J. a Tuthill, 106 Transportation 


ldg., University of Illinois, 
Urbana, Ill. 


Daniel L. Benge C. B. Shipp, General Electric Co., 


Aa Gots Yuill 


M. G. Lloyd 


Guy F. Woodward F. B. Crosby, 


Salt Lake City, Utah’ 


J._Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 


H. E. Bradley, Potomac Elec. 
Pr. Co., 14th & -C Sts., N. W., 
Washington, D. C. 


Morgan Construc- 
tion Co., 15 Belmont St., Wor- 
cester, Mass. 
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Name and Location Chairman 
Akron; Municipal, University. of, vAlcron,(Ohionads::a ncor wace sas se cidse pa nelsne vs C. R. Delagrange 
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lav AMA MiVersity Oly eUmMiVersitye Alana stvesietderasta: tiers tte sis vase tetesidrre Ge ccre oe Sewell St. John 
Arizona Umiversitycofral ucson, ATIZ waa cn iick on one venpuismate ea wilde vedi Gary Mitchell 
Arkansas, Univiersityaon, Mavette ville Amkec on cewnniunts ssuncus circles carieiruersenlerels Carroll Walsh 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............-. William Berger 
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California Institute of Technology,Pasadena) Calif... 62.0... cee. cee cc eet cess J. G. Thatcher 
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Carnegie Institute of Technology, Pittsburgh, Pa... ...c...seessdncneverccees R. A. Giles 
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CmcinnatiyUniversityiot Cincinnati Omani cha ten uitiek cecal cerned wae C. W. Taylor 
Clarkson College of Technology, Potsdam, N.Y n-sencnyin cellos a8 ome ecicm eset H. J. Myrback 
Clemson Agricultural College, Clemson College, S. C....... 0c eee r sence eee e ee L. R. Miller 
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Marquette University, 1200 Sycamore St., Milwaukee, Wis.............-0000- J. R. Adriansen 
Massachusetts Institute of Technology, Cambridge, Mass................-0-05 W. M. Hall 
Michigan State College, Bast Lansing, Michs 6 csc <cise ec 0 sci te oleae ene eis H. E. Hunt 
Michizan, Universityof, “Anim Arbor Michi. Jon. Soci yee bene aeeu ese same e mie. L. J. VanTuyl 
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis.......... Joseph Havlick 
Minnesota, University of, Minneapolis, Minn...........5.. 000 cece ee eeeeeene G. C. Brown 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton 
Missouri School of Mines & Metallurgy, Rolla, Mo............... 000s ee eae H. H. Brittingham 
MESSOUI PU PAVerSItyL OL, |\COltim biayNlO eter ciation is nearer aie cccete oe crere joneleie ace C. E. Schooley 
Montana State College, Bozeman, Monts. ais. sans measles so 6 ceclb siete amet aeaea W. E. Pakala 
Webraska,, University of, Liricolh, Neb... 5. pacer cc ctcaccs nee ness seme cwsaa tev WV. A. Van Wie 
Nevada, University of; Reno, Nevada iy dicce sseavcovierans Gables osveue faye te sysusteomerevonn Kenneth Knopf 
Newark College of Engineering, 367 High St., Newark, New Jersey..... ...... E. S. Bush 


New Hampshire, University of; Durham. N. Ht. cach foc ee ine w ettnualemon oe S. S. Appleton 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y....Joseph Leipziger 


New York University, University Heights, New York, N. Y............... Poe Uleriy: 
Worthy Carolina ‘State \Coltege, Raleigh, IN@Cza) sss deteie tiene oh sieeined eae «ale oe J. C. Davis 
North; Carolina, University of, Ctrapel Fill, INi) Ci cree eqievete as eucye aicye syns weiere al ars D M. Holshouser 
North Dakota, University of, University Station, Grand Forks, N. D........... Alfred Botten 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. Wm. P. Raffone 
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PMIOMOBIVETSITY WA MOTICN Oly ei tec car co nie eter a ere veda ehaveisnetatel ele pest aarti ancl eat sneasifersles Clarence Kelch 
OkiahomavA..«& M. College; Stillwater, ‘Okla ssa. cece oa sune cies elon wee aleberae Benny Fonts 
Oklahoma, Uiviersity ot, Norman, Olelaccie.c sek deja cic vitae ere ela Gers sie edateie sions: as Dick Mason 
Oxecon Acricultural College, ‘Corvallis; Ones sc iorentecstd ot) eo» sm pies we lone oon aneenee Je De Hertz 
Pennsylvania State College, State College; Pa... oo. ccc oi ere sities os, steelers ceuale Carl Dannerth 
Pennsylvania, University of, Philadelphia, Paidyse scsvsinares «ss oe eure et ero eae ole F. H. Riordan, Jr. 
Pittcburch aU RIVersitya0t, Pittsourg lin Pac aor es c.6 ot viet oici conc -tus sn encceeeas eeseilalis. noMecsys M. G. Jarrett 
PrINCETONUMIVELSity... EXINCCLOT:eINe. is shore sic tiie ators aie Gee aye, wore ioe woaeate ene eens sei even John Reine 
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P. W Bierman 
P. E. Sandlin 

J. M. Cardwell, Jr. 
Audley Sharpe 
W. 4H. Mann, Jr. 
H. T. Dahlgren 
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A. C. Urffer 

J. G. Kuhn 

R. T. Montin 

J. R. Britton 
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Howard Steinmetz 
Wilfred Henschel 
L. L. Booth 
Charles Backman 
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L. G. Stewart 
G. R. Smith 
Jerry Robertson 
S. Hannon 
Richard Setterstrom 
W. J. Gorman 
Wm. H. Hamilton 
D. P. Mitchell 
J. McN. Myers 
H. A. Hartley 
B. S. Morehouse 
Charles Miller 
W. F. A. Hammerling 
J. E. Conover 
C. E. Newton 
Harold Eade 

L, E. Crowell 
Osborne Hatch 
T. L. Lenzen 

G. E. Witham 
W. F. Denkhaus 
Tt Pata 

B. M. Gallaher 
jeLe Pratt 

G. E. Schade 
Junior Petterson 
F. Barkus : 
M. B. Cogbill 
H. M. Roth 

E. G. Peters 

J. G. Mazanec, Jr. 
Arthur Peterson 
Bernard Yoepp 
P. E. Davis 
Leonard Saari 
C. H. Kauke 
Edward Joslin 

J. W. Hinkley 
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D. P. Moreton 
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R. W. Sorensen 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 

Oil Fuse Cutouts.—Bulletin GHA 732, 8 pp. Describes 
D & W oil fuse cutouts. General Electric Company, Schenec- 
tady, IN. Y. 

Circuit Breakers.—Bulletin 11. Describes all types of 
Pacifie Electric oil cireuit-breakers and control mechanisms. 
The Pacific Electric Manufacturing Company, 5815 Third 
Street, San Francisco, Cal. 

Generator Voltage Regulators.—Bulletin GEA 709, 32 
pp. Describes G-E automatic generator voltage regulators. 
General Electric Company, Schenectady, N. Y. 

Lifting Magnets.—Bulletin 900. Deseribes the new EC & M 
lifting magnet, type SA. A number of improvements over 
existing designs have been incorporated in the new magnet. 
The Electrie Controller & Manufacturing Company, Cleveland, 
Ohio. 

Ground -Ohmer.—Bulletin 150, 4 pp. Describes a portable 
instrument for measuring ground resistance. It has a 35-cycle 
generator, 1:1 and 1:10 transformer, shielded dynamometer type 
galvanometer with direct reading slide wire and checking 
resistance. Herman H. Sticht & Company, 15 Park Row, 
New York. 

Water Wheel Driven Generators.—Bulletin GEA 739, 
44 pp. A profusely illustrated publication picturing typical 
hydroelectric installations utilizing G-E water wheel driven 
generators, and having an ageregate capacity of more than two 
million kilowatts. The total capacity of such machines now in 
operation is considerably in excess of six million kilowatts. 
General Electric Company, Schenectady, N. Y. 

Groundometers.—Bulletin 77, 4 pp. Describes a meter 
designed especially for measuring resistance ground elec- 
trodes. The various types of groundometers are essentially 
a-c. Wheatstone bridges with a telephone receiver for detecting 
the bridge balance, and there are, therefore, no moving parts 
other than the interrupter in the primary circuit. The meters 
are all portable. Groundulet Company, Newark, N. J. 


NOTES OF THE INDUSTRY 


The Allen-Bradjey Company, Milwaukee, announces 
that George F. Pain, district manager of the Philadelphia office, 
has moved into new quarters at 600 South Delaware Avenue, 
Philadelphia. 

The Union Electric Manufacturing Company, of Mil- 
waukee, Wis., has opened a district office for the States of 
Louisiana and Mississippi, at 801 Tchoupitoulas Street, New 
Orleans, La., to be in charge of G. P. Robbins and G. P. 
Robbins, Jr. 7 

Roller-Smith Company, New York, has appointed the 
Petroleum Electric Company, 217 East Archer St., Tulsa, Okla., 
as its representative for the State of Oklahoma. The Petroleum 
Electric Company will handle Roller-Smith instruments, circuit 
breakers and relays in that territory. The personnel of the 
Petroleum Electric Company includes T. D. Williamson and 
C. F. Dagwell. 

Corning Glass Works announces the opening of a sales office 
at No. 369 Lexington Avenue, New York City, under the diree- 
tion of Raymond W. Lillie, formerly of R. W. Lillie Corporation, 
to handle the exclusive sales of Pyrex power insulators for the 
United States and Canada. W. H. Taubert formerly of the 
R. W. Lillie Corporation and later with the American Brown 
Boveri Corp. has again become associated with Raymond W. 
Lillie in the furtherance of the sales of Pyrex power insulators 
in the United States and Canada, with headquarters at 369 
Lexington Avenue, New York City. 

The Lincoln Electric Company has moved its Missouri 


ee Eerie 


NOE EM TE ES ee Ee 


district office from 1808 Railway Exchange Building, St. Louis, 
to 1003 Davidson Building, Kansas City, Robert Notvest being 
incharge. The St. Louis district will be handled by Mr. Notvest, 
his time being divided between the two cities. 

A branch office has also been established at 220 Nicholas 
Building, Toledo, in charge of A. H. Homrighaus, who was 
formerly in charge of the Missouri district. 

New Wire Stripper.—A new tool for quickly stripping insula- 
tion from electrical wires from 10 to 20 gauge has been marketed 
by the Pyramid Products Company, 2311 South State Street, 
Chicago, Ill. The device operates like an ordinary pliers. 

New Across-the-Line Starter.—The Cutler-Hammer 
Manufacturing Company, Milwaukee, has placed on the market 
what is claimed to be the littlest across-the-line starter for 
5 h. p. and smaller a-c. motors. The new device gives push 
button control of starting and stopping, and provides thermal 
overload protection and no-voltage protection. 

Consolidation of Power Specialty and Wheeler Con- 
denser Companies.—The Power Specialty Company and the 
Wheeler Condenser & Engineering Company have been merged 
and will be known hereafter as the Foster Wheeler Corporation, 
New York. The most widely known products of these com- 
panies include superheaters, economizers, coal pulverizers, con- 
densers and other steam power equipment. No change in the 
management will be made. 

New York Edison Company to have World’s Largest 
Electric Generator.—An electric generator rated at 160,000 
kilowatts is to be installed by the New York Edison Company 
in its generating station at 14th Street and East River. The 
generator will have a capacity nearly three times as large as any 
in service, and more than half again as large as any under con- 
struction anywhere in the world, according to the General 
Electric Company, its builders. 


The New York Edison Company is also obtaining from the 
General Electric Company the necessary transformers and two 
40,000-kilowatt frequency changer sets of the synchronous- 
induction type. 


Hydroelectric Development Progresses in Russia.— 
Amtorg Trading Corporation of New York announces that addi- 
tional orders valued at $250,000 have been placed in the United 
States for construction equipment for work on the 650,000 h. p. 
hydro-electric development on the Dnieper River in the Soviet 
Union. Since the beginning of April equipment valued at up- 
wards of $500,000 has been purchased here for the Dnieper work. 


Westinghouse Receives Order for Huge Generator 
Unit.—The United Light & Power Company of New York has 
purchased from the Westinghouse Electric & Manufacturing 
Company a steam turbine generator unit of approximately 
225,000 horse power electrical output, for an extension of the 
Hellgate generating station located at 132nd Street and East 
River, New York City. 
the cross-compound design, will be equipped with two 1800 
rev. per min. generators, each having a capacity of 94,200 kv-a. 


Genera! Electric Earnings and Orders.—General Electric 
Company sales billed for the first six months of 1927 amounted 
to $149,795,026.99 compared with $147,450,867.96 for the corre- 
sponding period last year. Profit available for dividends on 
common stock for the six months of 1927 was $22,542,972.76 com- 
pared with $19,000,392.63 for the same six months last year. 

Orders received for the three months ending June 30 amounted 
to $78,105,247 compared with $78,972,062 for the second quarter 
of 1926, a decrease of one per cent. For the six months ending 
June 30, orders totalled $155,655,828, representing a decrease of 
six per cent compared with $165,405,720 in the corresponding 
six months of 1926. 


The new generating unit, which is of: 


